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Missoula, Montana is located six miles downstream from the Milltown Reservoir 
Sediment Superfund Site (MRSSS). The purpose o f this study was to evaluate the 
hydraulic connection between ground water leaving the MRSSS and the Missoula 
Valley Aquifer, Missoula's sole source aquifer. This stretch of aquifer known as the 
Hellgate Valley Aquifer, begins at the downstream face o f Milltown Dam and extends 
downstream along the Clark Fork River Valley, through Hellgate Canyon to where the 
canyon opens to the Missoula Valley. To attain this objective, a detailed understanding 
of the aquifer and its interaction with the Clark Fork River was required.
The aquifer was characterized by analyzing well log data, plotting depth to bedrock 
information, conducting a refraction seismic survey to determine bedrock topography, 
and drilling wells to bedrock. The aquifer ranges in thickness from nine feet near 
Milltown Reservoir to over 140 feet in Hellgate Canyon. Sediments are mostly sands 
and gravel, with discontinuous lenses of silts and clays.
Ground water level data and staff gauge data indicate that the Clark River is a gaining 
stream from the Milltown Dam to approximately 600 feet downstream. From this 
point on to the western boundary of the study area approximately six miles away, the 
river channel becomes progressively elevated relative to the HVA.
A steady-state, single layer fmite-difference groundwater flow model was developed 
utilizing aquifer parameters derived from aquifer tests, staff gauge measurements, static 
water level measurements, discharge measurements, well log and seismic data.
Model results indicate that the leakage from the Blackfoot and Clark Fork River 
contribute nearly 50% of the water in the Hellgate Valley Aquifer. Based on Canonie’s 
(1993) estimate of flux through the reservoir sediments of approximately 2,000 acre- 
ft/yr, model results indicate that the contaminated pore water leaving the reservoir 
sediments has a dilution potential of approximately 24:1, assuming total mixing, by the 
time the ground water enters the Missoula Valley Aquifer. Attenuation of the 
contaminants via oxidation and precipitation has also been suggested.
II
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CHAPTER I: INTRODUCTION
The study area lies between the Missoula Valley Aquifer (MVA) and the 
Milltown Reservoir Sediment Superfund Site (MRSSS). Both the MVA and the 
MRSSS have been intensely studied by many researchers (i.e., Woessner et al. (1984), 
HLA, (1987), CDM, (1989) ENSR (1991, 1992, 1993)), but very little work has been 
conducted in the six mile segment of the Clark Fork River Valley between Milltown 
and Missoula. This study was initiated primarily to characterize and quantify the 
ground water flow between the MRSSS and the MVA. In 1991, the MVA was 
designated as a sole source aquifer. All of the 50,000 residents of Missoula are 
dependent upon the MVA for their drinking water.
Purpose and Scope
The Milltown Superfund Site is located six miles upstream of Missoula. In 
1981, arsenic was discovered in quantities exceeding ERA Safe Drinking Water Act 
standards in four community wells in Milltown, Montana. The goal of this study is to 
assess the transport of inorganic contaminants that flow out of the MRSSS and mix 
with ground water in the high hydraulic conductivity sand and gravel aquifer in the 
vicinity of Milltown, Montana. In addition to establishing a strong geologic framework 
and a detailed interpretation of the groundwater flow system, an extensive analysis 
detailed understanding of the Hellgate Valley Aquifer and its interaction with the Clark 
Fork River was also required to achieve this goal.
Specific objectives are as follows:
1) characterize the thickness of coarse alluvial sediment and the configuration of the
1
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aquifer base;
2) establish a monitoring well network to identify distribution in ground water flow 
and water quality;
3) determine the hydraulic parameters of the aquifer;
4) determine the Clark Fork River stage-ground water relationship.
Site Description
The study area lies along a six mile section of the Clark Fork River, extending 
from the mouth of Hellgate Canyon in Missoula eastward to Bonner, MT (Figure 1). 
Included within the study site are the communities of East Missoula, Pine Grove, West 
Riverside and Milltown, Montana (Figure 2). The Blackfoot River enters the valley at 
Bonner and joins the Clark Fork River to form the Milltown Reservoir at Milltown 
Dam. The site is bounded to the north by the Rattlesnake Hills and Garnet Range, with 
the Sapphire Range forming the southern boundary. The study area is referred to 
herein as the Hellgate Valley Aquifer (HVA).
Climate
The Missoula area has a semi-arid climate with an annual precipitation of 13.29 
inches (NOAA, 1989). Peak precipitation occurs in May and June. February and 
March are the driest months. Temperatures average 71.8° in June and 22.7° in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 1: Site Map (after Popoff, 1985)
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January (Woessner, et al, 1984), Intense convective summer storms may also 
contribute substantial precipitation (Miller, 1991).
Physiography and Topography
The site is located in a valley in the Northern Rocky Mountain region in 
Western Montana. The valley ranges in width from 1120 feet in Hellgate Canyon to 
6360 feet wide across Bandmann Flats. Local relief varies from a low of 
approximately 3,080 feet above Mean Sea Level (MSL) in the valley to 6213 feet 
above MSL at Woody Mountain.
Hydrology
Three major surface water features are located within the study area: the 
Blackfoot and Clark Fork Rivers, and the Milltown Reservoir. Milltown Dam was 
constructed in 1907 and was the first impoundment on the Clark Fork River until the 
construction of the Warm Springs Ponds, which were constructed incrementally from 
1911 to 1959. The average discharge of the combined Blackfoot and Clark Fork, as 
measured by USGS gauge 12340500 located 2.8 miles downstream from the dam, is 
3015 cfs (ENSR, 1992) or 2.18 million acre-feet per year. Combined discharge for the 
duration of the study period (March 17, 1992 through July 14, 1993), averaged 2190 
cfs. The lower than average discharge for this time period reflects regional drought 
conditions that were prevalent for much of 1992. Minimum discharge during the study 
period was 665 cfs March, 1993 and maximum discharge of 11,600 cfs occurred June 
17, 1993.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The average discharge of the Blackfoot as measured by USGS gauge located 8.1 
miles upstream of Milltown Dam is 1,658 cfs. The average discharge of the Clark 
Fork River as it enters the Milltown Reservoir is estimated to be 1360 cfs (ENSR,
1992). The Blackfoot and Clark Fork Rivers respectively contribute 55% and 45% of 
the flow emanating from Milltown Reservoir.
General Geology
The mountains bordering the site are comprised of argillite, quartzite and 
limestone metasediments o f the Precambrian Belt Series (Figure 3). A diabase sill 
intrudes the metamorphosed sediments along the argillite-quartzite contact near the 
southern abutment o f Milltown Dam (Woessner, 1984). The Clark Fork Shear Zone 
roughly parallels the Clark Fork River Valley, apparently cutting through Mount 
Jumbo and the Milltown Dam area. Cores drilled into the bedrock underlying 
Milltown Dam contain fault gouge (MPC, 1985). The Blackfoot thrust crops out on 
Bonner Mountain and is believed to parallel the Blackfoot River Valley intersecting the 
Clark Fork Shear Zone in the vicinity of the Milltown Reservoir. The rocks north of 
the Clark Fork River are folded, forming the Bonner Mountain Anticline, and are 
locally overturned.
Bedrock Geology
Precambrian metasediments of the Belt Series underlie the valley alluvium.
There are surface exposures o f argillites in a gravel pit near Milltown Dam and along 
the shore of the Clark Fork River approximately 1/4 mile downstream of Milltown
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Figure 3: Geologic Mqj of Study Area ( after Nelson and Dobell, 1961)
Dam. Wells drilled to bedrock indicate the presence of argillites and quartzites 
(Popoff, 1985).
Alluvium Geology
The valley floor is underlain by deposits of Quaternary alluvium and 
Precambrian metasedimemts. Valley alluvium consists of interbedded sand, gravel and 
boulders with some clay lenses (Woessner, 1984). Fine grained sediments that have 
filled the reservoir range in thickness from less than 20 feet to an estimated 29 feet at 
the dam (Woessner, 1984).
Hydrogeology
The principal aquifer in the study area is the valley alluvium. The water table is 
30 to 40 feet below land surface in the coarse gravel underlying Milltown (Woessner,
1993), approximately 70 feet below land surface in the vicinity o f West Riverside and 
East Missoula , and 30 to 40 feet in Hellgate Canyon. The aquifer system appears to 
recharge from leakage from the Clark Fork River, Blackfoot River and Milltown 
Reservoir, by flow from the Blackfoot and Clark Fork River Valleys, direct 
precipitation and lateral flow from adjacent Precambrian bedrock.
Comparisons o f the stage of the Clark Fork River and monitoring wells in the 
Milltown area indicate that the river is at best weakly hydrologically connected to the 
underlying aquifer (Woessner et al. 1984).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Previous Work
The study area lies between the Missoula Valley Aquifer (MVA) and the 
Milltown Reservoir Sediment Superfund Site (MRSSS). Both areas have been intensely 
studied by many researchers, but very little work has been conducted in the six mile 
segment that separates them. The following section summarizes the most substantial 
studies that have been performed in the Milltown area and the MVA.
In 1981, the Missoula County Heath Department identified four community 
wells in Milltown that exceeded the ERA Safe Drinking Water Act standard for arsenic.
Initial work by Woessner and Popoff (1982) developed the first picture of the 
ground water flow system and aquifer stratigraphy. A second evaluation of the area 
(Woessner et al. 1984) showed ground water contaminated with arsenic and other 
heavy metals migrating from the fine grained reservoir sediments to the adjacent coarse 
grained Milltown aquifer. Popoff (1985) further refined the ground water flow system 
and concluded that the head difference between the reservoir stage and Milltown's 
water table is the force which drives the transport of the contaminants.
Harding Lawson Associates (HLA, 1987) made a preliminary evaluation of the 
environmental conditions o f the area, determined the thickness and volume of metal- 
containing sediments in the reservoir, estimated sediment and metal fluxes through the 
reservoir and changes in the sediment storage within the reservoir, evaluated 
groundwater flow paths; and installed two monitoring wells to define the extent of the 
contaminant plume.
Camp Dresser and McKee (CDM, 1989) documented the occurrence of trace 
elements in surface water, groundwater, river sediments, and irrigated soils influenced 
by the Clark Fork River downstream from the Milltown Reservoir. Metal 
concentrations were found to be below the primary drinking water standards near the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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dam and the western portion of the study area; no imminent health threat was present at 
the time o f the study. They reported arsenic concentrations in 1988 were higher than in 
1986. During the ENSR Hydrogeologic Investigation, which was conducted from 1990 
to 1992, 36 monitoring wells were installed in the alluvium and shallow bedrock. The 
majority o f these wells were installed downgradient o f the arsenic plume in order to 
further define the migration o f arsenic.
Missoula Valley Aquifer Investigations
Miller (1991) characterized ground water movement through the Missoula 
Valley Aquifer (MVA). M iller's work included the construction of a  single layer 
numerical flow model o f the MVA, which indicated the principal source of recharge 
was leakage from the Clark Fork River in the eastern portion of the valley. Miller’s 
work concluded that leakage from the Clark Fork River accounts for approximately 83 
percent o f recharge to the MVA, or in the range of 132,000 to 255,000 acre-ft/yr. 
Miller also demonstrated that underflow was a significant source of recharge, 
establishing a  potential link between the MVA and the MRSSS.
Organization
The remainder o f this thesis is organized into four additional chapters. Chapter 
II is a description of the methods used for data gathering. Chapter III is a presentation 
of the results o f the hydrogeologic investigation. Chapter IV describes the setup and 
results o f the numerical ground water model. Chapter V, which presents the 
conclusions and recommendations of the study, is followed by the appendices.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER II: METHODS
This chapter, describing the methods employed in gathering data, follows the 
organization of the objectives as outlined in Chapter I,
Aquifer Characterization
Woessner et al. (1982, 1984) did the initial site characterization in the Milltown 
area. Other workers, (i.e., Popoff, 1985; HLA, 1987; ENSR, 1990; 1992) further 
refined the site characterization primarily by installing numerous wells. Many of these 
wells are fully penetrating, supplying invaluable information not only about the 
thickness o f the alluvium, but data pertaining to the configuration of the underlying 
bedrock, the aquifer base.
Information regarding sediment thickness and bedrock configuration in the less 
intensely studied western portion of the study site, was obtained by reviewing well 
logs. In areas where few if any wells were located, monitoring wells were installed. 
Two of these wells are fully penetrating monitoring wells, supplying additional depth to 
bedrock data. A refraction seismic survey was also conducted to give depth to bedrock 
information over large areas. Appendix A contains the seismic data plus the 
interpretation methodology.
The refraction survey proved to be a much more economical method for 
obtaining depth to bedrock information than using a drilling apparatus to physically 
penetrate the alluvial sediments. Six geophysical lines were deployed at four separate 
locations within the study area (Figure 4 and Table 1).
11
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Table 1; Description of Seismic Line Locations
Line # Location Length (feet) Orientation
1 West side of Blackfoot River near West Riverside 1460 N20E
2 North of MRL boundary fence near Deer Creek Road 960 N30E
2a South of MRL boundary fence near Deer Creek Road 590 N30E
3 Bandmann Flats between Deer Creek Road and 1-90 3020 N
3a Bandmann Rats North of Deer Creek Road 520 N
4 Hell gate Canyon South of the Clark Fork River 1560 N89E
The location for Line 1 was selected to tie in with seismic work performed by 
Blackhawk Geosciences (1989). Since there is little relief in this portion of the study 
area, I used the ground elevation for well 109 for the surface elevation of the shot 
points and geophones along this line. Shot point and geophone elevations for Line 4 
were determined using USGS quadrangle maps. Shot point elevations for lines 2 and 3 
were surveyed from USGS benchmarks. Geophone elevations were calculated by 
interpolating between adjacent shot points.
Development of a Monitoring Well Network
Selection of Domestic Wells
Selection of domestic monitoring wells was predicated on well log data from the 
Department of Natural Resources in Missoula, MT, and from The Montana Bureau of 
Mines and Geology located in Butte, MT. I screened approximately 150 well logs and 
selected the wells that had the best location information and detailed lithologie 
descriptions. After contacting the well owners, and in most circumstances being 
granted access to obtain static water level measurements, I mapped these locations to 
ensure suitable spatial distribution of well locations. Well locations were plotted by 
using aerial photos in conjunction with ownership plat maps obtained from the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Missoula County surveyor’s office. The locations for wells utilized in previous studies 
were digitized onto a base map. Figure 5 shows the locations o f wells utilized for the 
monitoring network.
Monitor Well Construction
Seven additional monitoring wells, designated as MW#1-MW#7, were installed 
in the fall of 1992 to provide water level and water quality data. Wells MW#3 and 
MW#5 were drilled through the alluvial aquifer to bedrock to establish elevations as an 
aid in determining the topography of the underlying bedrock.
Wells 1,2,3,6 and 7 are installed within county, state or interstate road right of 
ways to help ensure long-term monitoring possibilities. MW#5 was installed 25.5 feet 
from Mountain Water Company's East Missoula well #2 and was used as a monitoring 
well for a pumping test. MW#4 was also installed to act as a monitoring well in 
conjunction with a large production well that was to be installed by Mountain Water 
Company in Hellgate Canyon. Unfortunately this proposed production well was not 
constructed, consequently, an aquifer test has not been conducted to determine 
hydraulic conductivity of Hellgate Canyon sediments.
Appendix B shows construction details and lithology logs for the monitoring 
wells installed for this investigation With the exception of well MW#4, each well is 
constructed of 4" diameter PVC and has a 25' screened interval. MW#4 is a 6" steel 
casing perforated from 87 feet to 102 feet. This well was designed for future use as a 
production well for irrigating Hellgate Park. With the exception of MW#4, each well 
was designed to account for seasonal fluctuation in the water table. The screened
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interval was situated in each well to be approximately five feet above the water table at 
the time of installation.
Monitor wells MW#1 through MW#7 were developed in accordance with 
procedures outlined in the "Standard Operating Procedures for the Clark Fork River 
Superfund Site Investigation", Canonie (1992). A well is considered developed when 
its turbidity does not exceed five nepholometric turbidity units (NTU). A Hatch 
Turbidity meter was used to determine turbidity. At least three well volumes were 
pumped prior to completion of well development. NTU readings were recorded after 
approximately every well volume.
Water Level Measurements
Water level readings from wells were obtained on a monthly basis from April, 
1992 through July, 1993. Measuring points for water level measurements for domestic 
wells were surveyed in during the study. Many of the monitoring wells in the 
Milltown area had been surveyed during previous studies. Consequently, these 
elevation data were used and those wells were not resurveyed. Appendix C contains 
the well survey results. The water levels in the domestic wells were measured starting 
in April, 1992 with the remainder o f the network added as access was granted. A total 
o f 102 wells were eventually incorporated into the monitor well network. Monthly 
Static Water Level (SWL) readings are in Appendix D. Potentiometric maps, shown in 
Appendix E, were constructed using the ground water elevation data and used to define 
the flow system.
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Continuous Recorder Data
Two continuous recorders were installed to monitor long-term water level 
fluctuations. I equipped well MW#7 with a Stevens Type F Recorder Model 68 and 
well MW#1 with a 0-10 psi transducer. Water levels records are presented in 
Appendix F.
Well Development
Prior to collecting samples of ground water, the monitoring wells MW#1- 
MW#7 were fully developed (Appendix G).
Water Quality/Ground Water Sampling
Many sampling episodes have been performed during the Milltown 
Investigation. Seventeen wells were sampled in June, 1993 (Table 2). These wells 
were selected for sampling to determine the general ground water chemistry and to 
evaluate if the arsenic plume downgradient from Milltown Dam could be traced further 
west. The majority of these wells have not shown elevated levels of arsenic from 
previous sampling episodes with the exceptions being M-16, M-17, HLA-2 and 917. 
After collection, samples were shipped to MSB Laboratory Services, Butte, MT for 
analysis. Details of the sampling methods and results are presented in Appendix H.
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Pumping and flow meter tests have been performed in the Milltown area by 
Woessner (1984), ENSR (1992) and pumping tests in the Missoula Valley Aquifer by 
Miller (1991) and others. For previously untested portions of the study area, the 
author conducted two pumping tests in East Missoula and used KCALC (Wiley, 1988) 
to obtain hydraulic conductivity estimates. KCALC is a computer program which 
calculates hydraulic conductivity values from specific capacity information supplied on 
well logs.
To determine hydraulic conductivity values, a constant discharge and recovery 
test was performed on well HG-33 utilizing MW#5 as a monitoring well. The 
production well was pumped for eight hours at a rate of 265 gallons per minute. 
Pressure readings were relayed to a lap-top computer and were recorded on a two 
second interval and were interpreted using AQTESOLV. Appendix I contains the 
pumping test data.
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Interaction of the Clark Fork River and the Valley Ground Water System.
To determine the interaction between the Clark Fork River and the ground 
water system, I gathered river and reservoir stage data so they could be compared with 
the elevation of ground water in the aquifer. Data comparison enabled me to determine 
segments of the Clark Fork River that were losing water (the elevation of the river 
being higher than the adjacent ground water) to the aquifer and portions that were 
gaining (the elevation of the aquifer being higher than the elevation of the river), A 
numerical ground water flow model was developed to quantify the interaction between 
the ground water system and the Clark Fork River. Details of the modeling effort are 
described in Chapter IV.
Milltown Reservoir and Tail Race Elevations
Elevations for the reservoir and tail race were obtained from Montana Power 
Company Dam personnel. Daily elevations are recorded. The elevation for the 
reservoir was also used for the Blackfoot River for modeling purposes (Appendix J).
Clark Fork River Stage
A total o f six staff gauges were installed in the Clark Fork River between 
Milltown Dam and the mouth of Hellgate Canyon (Figure 5). Gauges 1,2,3,5, and 6 
were installed in July, 1992 and gauge number 7 was installed in September, 1992. 
Gauge number 4 is USGS station 13450500. These gauges were installed to measure 
the stage of the Clark Fork River at various locations within the study area and were 
emplaced to evaluate the interaction of the Clark Fork and the alluvial aquifer. Sites
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for the gauges were located to coincide with the location of existing monitoring wells 
and monitoring wells installed in September, 1992.
The gauges were comprised of rulers affixed to seven-foot tall steel fence posts 
and installed into the river bottom sediments. The top of each ruler was surveyed and 
the elevation of the river was determined by subtracting the ruler reading from the 
elevation of the top of the ruler. Stage elevations for gauge 4 (USGS gauging station 
12340500), were available from USGS records or determined from rating tables.
In December and January, partial freezing of the Clark Fork River made data 
collection difficult and dangerous, consequently no records were collected. During 
February, portions of the river froze solid and data were collected by drilling through 
the ice around the staff gauges and reading the water level of the gauge.
During December, January and February, I was unable to collect direct readings 
for some of the staff gauges, although I was able to obtain readings for the tail race and 
gauge number 4. Spring ice breakup did irreparable damage to all of my staff gauges. 
Consequent measurements were obtained by surveying in the surface of the river at the 
staff gauge locations.
Ground Water Budget
To develop a water budget for the study area, I had to account for all o f the 
sources o f recharge and discharge within the site. The following equation describes the 
recharge and discharge components for steady state conditions. November, 1992 was 
used to approximate steady state conditions because the Clark Fork River stage and 
water table elevations underwent little fluctuation over the preceding month.
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i n f l o w  =  o u t f l o w
Where INFLOW =
• Underflow from the Blackfoot River Valley aquifer 
Underflow from the Clark Fork River Valley aquifer 
Inflow from Marshall Creek drainage 
Inflow from Mittower Creek drainage 
Leakage from the Blackfoot River 
Leakage from the Clark Fork River 
Mountain Water Company line loss 
Recharge from direct precipitation 
Recharge from adjacent Precambrian bedrock
OUTFLOW  =
• Ground water discharge into the Clark Fork River
• Underflow through Hellgate Canyon
• Discharge of wells
• Evapotranspiration losses
These ground water budget components are more fully described and quantified in 
Chapters III and IV.
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CHAPTER III: RESULTS OF HYDROGEOLOGIC
INVESTIGATION
Aquifer Characterization
The physical framework of the aquifer was developed from well logs, seismic 
data and field mapping. Using depth to bedrock data obtained from well log and 
refraction seismic data, the author was able to characterize the thickness of the aquifer 
and define the topography of the underlying bedrock.
Geophysical Survey
Figures 6, 7, 8, 9, 10 and 11 are a graphic representations of the interpretation 
of the seismic data. Refer to Figure 4 for seismic line locations. Each of the graphs 
shows a profile of the valley floor and the underlying bedrock surface.
Data Analysis
Four velocity groups were determined from the data (Table 3). Group 1, 
present in lines 2, 3, and 4, has a range of velocities from 1,343 feet per second 
(ft/sec) to 1,973 ft/sec which is similar to values obtained by Blackhawk Geosciences 
(1989) for dry overburden. In Blackhawk's report, Redpath (1973) cites an average 
velocity for semi-consolidated sandy clays at 1,250 to 2,150 ft/sec and an average 
velocity for rubble and gravel o f 1,970 to 2,600 ft/sec. The velocities from Group 2 
are between 2,158 ft/sec and 3,475 ft/sec which corresponds to partially saturated 
alluvial sediments or gravel. Group 3 with velocities from 5,386 ft/sec to 6,918 ft/sec 
corresponds to saturated sandy clays with rubble. Blackhawk Geosciences reported
22
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values from 4,000 to 7,500 ft/sec for saturated alluvial material. Group 4 velocities of 
11,025 ft/sec to 18,118 ft/sec with an average of 13,441 ft/sec correspond with 
bedrock velocities for argillite obtained by Blackhawk Geosciences (1989). Their 
values ranged from 9,000 to 17,000 feet/sec with an average of 13,000 ft/sec.













1 LI.out 2,158 6,142 11,025
2 H.out 1,432 2,664 6,165 13,589
2a H3.out 1,343 2,935 5,386 13,294
3 BM.out 1,973 3,061 6,918 12,985
3a BM l.out 1,738 6,109 11,636
4 KW.out 1,373 3,475 6,970 18,118
avg. 1,572 2,859 6,282 13,441
Bedrock Topography
I used the results of the seismic survey and the depth to bedrock data for wells 
drilled to bedrock (Table 4 and Figure 12) to construct a topographic map of the 
Precambrian strata underlying the aquifer. Figure 13 shows the interpreted 
Precambrian topographic surface. The surface is highly irregular, indicative of an 
erosional surface, shaped in part by the cutting action of the Clark Fork and Blackfoot 
Rivers. Due to non-continuous data, the actual surface is probably more complex than 
depicted.
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Table 4. Depth to Bedrock
Well * Ground
Elevation




9 9 a 3 2 9 0 .5 1 121 3 1 6 9
10 0 a 3 2 7 7 .4 9 4 9 3 2 2 8
101 a 3 2 7 3 .5 7 61 3 2 1 3
101b 3 2 7 4 .0 4 61 3 2 1 3
1 0 2 a 3 2 8 0 .0 8 6 4 3 2 1 6
102b 3 2 7 9 .9 8 6 4 3 2 1 6
103b 3 3 0 2 .2 4 9 4 3 2 0 8
10 4 a 3 3 0 0 .4 4 85 3 2 1 6
1 0 5 c 3 2 9 3 .8 9 1 2 6 3 1 6 8
10 6 a 3 2 8 0 .6 2 131 3 1 5 0
107b 3 2 9 6 .1 9 101 3 1 9 5
10 8 a 3 2 6 8 .3 9 1 1 4 3 1 5 4
109 a 3 2 7 5 .5 5 1 4 4 3 1 3 2
110 a 3 2 8 8 .9 7 1 4 5 3 1 4 4
11 1 b 3 2 9 2 .0 9 151 3141
9 0 4 3 2 9 6 .9 6 8 3 2 2 9
9 0 5 3 3 0 0 .1 7 0 3231
9 0 6 3 2 9 7 .6 1 1 3 3 1 8 5
9 0 7 3 2 7 1 .2 4 3 3 2 2 8
9 0 8 3 3 0 5 .7 105 3201
9 0 9 a 3 2 6 7 .4 71 3 1 9 6
W e ll# Ground
Elevation




90 9 b 3 2 6 7 .7 71 3 1 9 7
9 1 0 a 3 2 6 6 .9 2 2 3 2 4 5
9 1 1 a 3 2 7 2 2 0 3 2 5 2
9 1 2 3 2 7 2 .3 17 3 2 5 5
9 1 3 3 2 7 2 .3 2 0 3 2 5 2
9 1 4 3 2 6 4 .4 1 2 0 3 1 4 4
9 1 6 a 3 2 7 6 .4 101 3 1 7 5
9 1 6 b 3 2 7 6 .4 101 3 1 7 5
9 1 7 a 3 2 7 4 .6 1 0 4 3171
9 1 8 3 2 6 0 .6 2 9 3 2 3 2
9 1 9 b 3 2 7 5 .3 1 7 9 3 0 9 7
9 2 1 b 3 2 6 8 .2 7 6 3 1 9 3
9 2 2 b 3 2 7 4 .2 1 5 7 3 1 1 7
9 2 3 b 3 2 6 8 .5 1 1 6 3 1 5 3
HLA-1 3 3 0 1 .4 4 1 0 0 3201
HLA-2 3 2 6 2 .6 2 81 3 1 8 2
HG-2 3 2 5 9 .8 8 7 3 1 7 2 .8
HG-12 3 2 7 5 .6 9 1 3 8 3 1 3 8
HG-38 3 2 6 9 .0 2 4 0 3 2 2 9
M W #3 3 2 7 3 .6 2 1 7 0 3 1 0 4
M W #5 3 2 5 0 .2 8 1 6 2 3 0 8 8
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Thickness and Type of Alluvium
After interpreting the configuration of the base o f the aquifer, I derived 
estimates for the saturated thickness of the alluvium by creating an isopach map (Figure 
14). The aquifer ranges in thickness from approximately 9 feet near Milltown Dam to 
over 140 feet in Hellgate Canyon.
Sediments consist generally o f coarse sand and gravel, with discontinuous lenses 
of silt and clay. Figure 15, a geologic cross section through A -A ', shows the 
subsurface lithology near Milltown. See Figure 2 for A-A' location.
Figure 16, a geologic cross section through B-B', roughly parallels the Clark 
Fork River valley. See Figure 2 for the location of B-B'. The thickness of alluvial 
sediments increases from the Milltown dam area to Hellgate Canyon. Sediments are 
primarily sands and gravels, with discontinuous lenses of clay near Milltown reservoir 
and silty zones in Bandmann Flats and in Hellgate Canyon. These silty zones are 
probably Glacial Lake Missoula deposits
Ground Water Occurrence
The lowest recorded groundwater elevations for the study period occurred in 
March, 1993, the highest in June, 1993. Figure 17 is a typical well hydrograph. Low 
water levels are the result o f regional drought conditions and high water levels are the 
result o f aquifer recharge from persistent rainfall events, increased underflow from the 
Clark Fork River Valley and Blackfoot River Valley alluvium and leakage from the 
Blackfoot and Clark Fork Rivers.
Fluctuations in wells finished in alluvium experienced annual fluctuations from 
3.8 to 12.13 feet, with an average change of 7.69 feet. The static water levels
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recorded for wells nearest to the reservoir generally showed less fluctuation than wells 
located further away from the reservoir. The reservoir acts as a constant source of 
recharge to the adjacent wells. The elevation of the reservoir remains fairly constant 
due to regulation by Montana Power Company personnel. The influence o f the 
reservoir diminishes with the distance, consequently wells located further away from 
the reservoir show greater water level change.
Wells finished in bedrock demonstrated greater fluctuation than the alluvial 
wells. Water levels fluctuated 23.93 feet in HG-39. This large degree of fluctuation is 
probably due to transient (recovering) conditions present when wells were being 
monitored. Due to low hydraulic conductivity o f the bedrock, drawdown is more 
pronounced in the bedrock wells than in wells located in the highly conductive alluvial 
material. Recovery time is longer for bedrock wells than for alluvial wells. Most of 
the alluvial wells fully recovered to prepumping levels in a matter o f minutes, but the 
bedrock wells took hours to recover after pumping.
Figure 18 shows hydrographs for wells MW#1, HG-18, HG-39 and 905. Well 
HG-39 is a  bedrock well and the other wells are alluvial wells. The hydrographs 
indicate that the alluvial wells all respond similarly , whereas the bedrock well 
demonstrates much more erratic behavior.
The ground water in the alluvial aquifer fluctuated approximately 2.12 feet from 
June, 1992 through June, 1993, representing a  change in storage over the 2,473 acre 
study area o f approximately 1,049 acre-feet o f water assuming porosity is 0.20 .
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Figure 18. Hydrographs for Select Wells
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Ground Water Flow
Potentiometric maps were constructed on a monthly basis from 4/92 through 
7/93 using Static Water Level data. Potentiometric maps from 3/93 and 6/93 are 
depicted in Figures 19 and 20, respectively. These are representative o f the ground 
water flows fields that correlate with the minimum and maximum groundwater 
elevations.
Water level data for shallow and intermediate monitoring wells were plotted for 
construction of the potentiometric maps. Domestic wells were also treated as water 
table wells, although in the northeast corner o f the study area and in the vicinity of well 
C-2 they appear to be confined or semi-confined. Wells finished in bedrock were not 
used in creating potentiometric surfaces.
Several ground water components were identified from the potentiometric maps. 
Ground water flows from the reservoir sediments northeast into the Milltown area and 
to the north near the dam. Leakage from the Blackfoot River and westward flowing 
ground water combine beneath the Blackfoot River. An additional ground water 
component parallels the Clark Fork River Valley. Figure 21 depicts interpreted ground 
water flow paths in the Milltown Reservoir vicinity for March, 1993.
Ground water components converge in a narrow zone near 1-90. The 
potentiometric lines are deflected in the area of well 19, which is located near three 
production wells, C-2, the Milltown Water Users Association Well and a small 
production well on First Street that supplies water to a few Milltown residences. It is 
doubtful that these wells produce enough water to deflect the potentiometric surface, 
more likely these wells are located in a zone of highly conductive material. Woessner 
(1984) determined that the hydraulic conductivity for well 106, located approximately 
600 feet from the nearest of these production wells, to be approximately 60,000 ft/day.
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The validity o f that number is questioned by some, but nevertheless, still indicative of a 
highly conductive zone.
Water Quality
Previous ground water sampling events have determined that ground water with 
elevated levels of arsenic migrates from the fine-grained reservoir sediments into the 
adjacent coarse grained Milltown aquifer. Four ground water sampling episodes by 
ENSR (Fall 1990, Spring 1991, Fall 1991 and Spring 1992) have demonstrated that the 
resultant arsenic plume is dynamic, on a seasonal basis ,but does not appear to be 
expanding. The plume appears to be regressive in the fall and reaches its greatest 
downgradient extent in the spring. For the purpose of this study, the arsenic plume is 
defined by concentrations equal to or exceeding the EPA Safe Drinking Water Act 
standard of 0.05 mg/1. Figures 22 and 23 show the configuration of the Arsenic plume 
for Fall, 1991 and Spring, 1992, respectively. Arsenic concentrations in the fall plume 
are less than those o f the spring plume by about 35% (ENSR, 1992). This 
concentration decrease is comparable to the hydraulic gradient increase of 
approximately 33% (ENSR, 1992). The gradient increase between the reservoir 
sediments and the aquifer is due to lowering of the aquifer during the dry season, while 
the elevation of ground water within the reservoir sediments remains at an artificially 
elevated position due to the presence of the reservoir. The gradient is lowest in the 
spring and summer, when the aquifer is recharged by snow melt and direct 
precipitation. Increased hydraulic gradients results in increased ground water 
velocities. The concentration o f contaminants is diminished with increased mixing
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associated with increases in ground water velocity associated with increased hydraulic 
gradient.
Ground Water Sampling Results
A total o f seventeen wells were sampled for this study. Of the seventeen wells 
sampled, four wells exceed the EPA Safe Drinking Water Act standard for arsenic o f 
0.05 mg/l or 50 ug/1. These wells are: 917A, 917B, HLA-2 and M-17. Sampling 
results indicate that the plume (ground water that exceeds 50 ug/1) terminates in its 
downgradient extent between wells 917 and 920. Arsenic values for 917A (deep well) 
and 917B (shallower well) are 214 ug/1 and 168 ug/1, respectively. Arsenic 
concentration falls to 18.6 ug/1 for well 920. Figure 24 is a  plot o f the dissolved 
arsenic from the summer, 1993 sampling event.
Table 5 depicts the arsenic concentration for select wells for five sampling 
episodes. Generally, the concentrations found in the fall sampling events are lower 
than the arsenic concentrations for samples collected during springtime, but arsenic 
concentrations for the Spring, 1993 sampling episode do not support this trend.
Table 5. Arsenic Concentrations (mg/l)
Wen No. Fan 1990" Spring 1991* Fan 1991" Spring 1992" Spring 1993
907 <0.003 <0.002 <0.002 <0.001 0.0029
915 <0.003 <0.002 0.003 0.003 0.0039
9I7A NT 0.132 0.004 0.001 0.203
917B NT 0.130 0.005 0.147 0.167
920 NT 0.022 0.024 0.028 0.0186
921A NT 0.004 <0.002 0.004 0.0072
921B NT 0.002 <0.002 0.001 0.0049
HLA-2 0.003 0.046 0.053 0.055 0.071
M-17 0.056 0.125 0.076 0,063 0.0625
NT = Not Tested (Well installed Spring, 1991) 
•  Sampling conducted by ENSR
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Previous sampling events indicate that the arsenic concentration in wells 
adjacent to the northern edge of Milltown Reservoir show less fluctuation than wells 
located further away from the reservoir. The ground water seeping from the low 
hydraulic conductivity reservoir sediments artificially maintains the elevation of the 
ground water in the alluvial aquifer adjacent to the reservoir. This partially offsets the 
seasonal lowering of the water table and the ground water gradients and ground water 
mixing is less than in other portions of the study area.
Tables 6 and 7 are a compilation of water quality data from the 1993 sampling 
event. All values are in milligrams per liter (mg/l) unless otherwise indicated. Of the 
wells higher than 0.05 mg/l for arsenic, each well, with the exception of HLA-2, 
correlates with very low concentrations o f sulfate. Other studies have demonstrated 
that arsenic is usually found when sulfate is depleted (Moore et al., 1988).
The Stiff diagrams (Figure 25) indicate that all of the waters sampled are a 
bicarbonate type. Figure 26 shows the distribution o f groundwater quality.
Table 6. Water Quality
Station Na K Ca Mg Cl H C 03 S 0 4
m g/l m g/l m g/l mg/l mg/l mg/l mg/l
BfR* 4 .3 7 0 .7 8 6 1 .7 2 2 3 .0 9 0 .3 5 1 6 0 5 .7 6
CFR* 1 0 .5 8 2 .7 4 9 1 .7 8 2 4 .3 1 3 .5 5 1 6 2 5 1 .8 7
9 2 0 1 5 .3 2 .3 7 4 9 .6 13 .1 < 5 1 9 0 17
9 2 1 A 6 .9 1 2 .5 3 2 9 .5 9 .7 5 < 5 1 2 2 < 5
9 2 1 B 7 .5 8 3 .01 4 6 .1 1 4 .7 < 5 1 6 0 9
9 0 7 2 .1 5 0 .8 5 6 2 9 .8 9 .5 3 < 5 1 1 8 < 5
9 1 5 4 .4 4 1 .2 5 3 8 .2 1 1 .2 5 1 3 6 1 0
M -17 3 .3 2 1 .3 8 4 3 .5 1 1 .7 < 5 1 7 2 < 5
91 7A 7 .9 8 2 .2 6 1 .4 1 5 .3 6 2 3 4 < 5
9 1 7B 5 .5 9 2 .3 2 5 7 .3 1 4 .3 5 2 2 0 < 5
HLA2 1 2 .2 2 .6 5 7 3 .8 1 5 .8 < 5 2 3 2 2 8
M -16 3 .2 4 1 .01 29 .1 9 .5 5 < 5 1 1 0 < 5
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Table 6. Water Quality Continued
M W #7 5 .3 6 1 .4 8 4 4 .7 1 1 .5 < 5 1 4 6 11
M W #6 4 .8 9 1 .2 3 3 7 .8 1 1 .0 < 5 1 3 6 13
M W #1 5 .6 1 .3 6 4 2 .8 1 1 .6 < 5 1 4 2 18
M W #2 5 .7 2 1 .3 3 4 1 .7 1 1 .5 < 5 1 4 4 16
M W #3 4 .9 6 1.41 4 7 .9 1 1 .9 < 5 1 6 2 2 0
M W #4 5 .0 9 1 .3 4 4 4 .5 1 1 .5 < 5 1 5 4 21
M W #5 6 .5 6 1 .3 9 4 5 .7 1 2 .2 < 5 1 6 4 2 2
' from Popoff (1985)
Table 7. Trace Metal Concentrations
Station A s F« Mn HCo3 Conductivity pH
m g/l m g/l mg/l mg/l um hos/cm
BfR* 0 .0 0 0 7 0 .0 1 7 0 .0 1 1 5 9 .8 2 4 3 8.41
CFR* 0 .0 0 6 3 0 .0 0 5 0 .0 1 1 6 1 .9 3 5 3 8 .6 5
9 2 0 0 .0 1 8 6 1.11 3 .7 2 1 9 0 3 8 6 7 .0 5
9 2 1 A 0 .0 0 7 2 0 .0 1 3 5 0 .0 0 2 6 1 2 2 2 3 4 7 .5 4
9 2 1 B 0 .0 0 4 9 0 .0 1 3 5 0 .0 0 2 6 1 6 0 3 1 9 7 .7 6
9 0 7 0 .0 0 2 9 0 .0 1 3 5 0 .0 0 2 6 1 1 8 2 1 2 8 .0 3
9 1 5 0 .0 0 3 9 0 .0 1 6 1 0 .0 0 2 6 1 3 6 271 7 .5 9
M -17 0 .0 6 2 5 3 .4 4 0 .9 3 3 1 7 2 3 0 2 7 .41
91 7A 0 .2 0 3 4 .1 1 2 .2 7 2 3 4 4 3 6 7 .2 9
9 1 7 B 0 .1 6 7 6 .7 4 2 .1 5 2 2 0 3 9 5 6 .9 5
HLA2 0 .0 7 1 0 .3 0 1 2 .5 2 3 2 4 4 8 7 .8 8
M -16 0 .0 0 3 1 0 .0 1 8 4 0 .0 1 3 6 1 1 0 2 2 0 7 .9 5
M W #7 0 .0 0 4 7 0 .0 1 3 5 0 .0 0 2 6 1 4 6 3 0 8 8 .2 6
M W #6 0 .0 0 2 2 0 .0 1 3 5 0 .0 0 2 6 1 3 6 2 8 3 7 .7 2
MW#1 0 .0 0 4 0 .0 1 7 1 0 .0 0 2 6 1 4 2 3 1 0 7 .7 4
M W #2 0 .0 0 3 8 0 .0 1 3 5 0 .0 0 2 6 1 4 4 3 0 2 7 .8 2
M W #3 0 .0 0 4 0 .0 1 3 5 0 .0 0 2 6 1 6 2 3 3 4 7 .8 2
M W #4 0 .0 0 3 7 0 .0 1 3 5 0 .0 0 2 6 1 5 4 3 1 6 7 .7 6
M W #5 0 .0 0 5 7 0 .0 1 3 5 0 .0 0 2 6 1 6 4 3 2 2 8 .11
' from Popoff (1985)








Figure 25. Stiff Diagrams o f Selected Water Chemistry
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Aquifer Parameters
The following tables represents a compilation o f aquifer parameters as 
determined from numerous workers.
Table 8 shows the results of two pumping tests I performed for this project. 
The pumping test data from well HG-32 were inadequate for using curve matching 
techniques. Hydraulic conductivity and transmissivity were determined by KCALC 
(Wiley, 1988) using specific capacity data generated by this test. AQTESOLV was 
used to determine K and T for the test of HG-33. These data were collected from 
monitoring well MW#5. Results indicate the western portion of the study area is 
highly conductive.
A continuous discharge pumping test was also conducted on HG-32. The well 
was pumped for two hours at a rate o f 750 gpm. Drawdown occurred only within the 
initial 30 seconds of pumping, then stabilized, indicating a highly conductive aquifer. 
Using KCALC, the hydraulic conductivity was estimated at 9012 ft/day.
Table 8 Aquifer Parameters Detennined from Aquifer Tests
Well Pumping rate (GPM) D S K(ft/d) T(ft/d>
HG-32* 750 D 16734 903636
HG-33** 265 D 0.2664 9012 877824
♦ Values determined from KCALC
• •  Values determined from pumping test analysis
D =  Drawdown
S =  Storativity
K =  Hydraulic Conductivity
T  =  Transmissivity
Woessner (1984) performed step drawdown and constant discharge pumping 
tests on eight wells in the Milltown area. The results of Woessner's aquifer tests are 
presented in Table 9. Woessner did not use any monitoring wells for his tests.
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Table 9 , Aquifer Parameters
Well Q (gpm) «• (ft) K (ft/d) I  ft2/d)
1 0 2 115 0 .2 4 3 7 1 0 9 6 ,4 0 0
1 8 7 0 .3 4 3 7 1 5 9 6 ,6 0 0
1 0 3 2 7 0 .0 8 2 1 0 0 6 5 ,2 0 0
4 2 0 .1 6 1 7 7 0 5 5 ,0 0 0
1 0 2 0 .4 2 1 9 8 0
1 0 5 2 9 0 .2 8 2 9 0 1 8 ,2 3 0
5 2 0 .5 2 9 0 1 8 ,2 3 0
1 0 6 1 2 5 0 .0 1 5 6 ,7 0 0 4 ,1 4 0 ,1 0 0
2 1 0 0 .0 2 5 9 ,4 0 0 4 ,3 4 0 ,0 0 0
2 5 4 0 .0 2 6 3 ,6 0 0 4 ,6 4 0 ,0 0 0
1 0 7 1 0 8 0 .0 4 1 3 ,6 0 0 5 7 3 ,0 0 0
5 0 0 .0 5 1 4 ,2 0 0 5 9 5 ,1 0 0
1 0 7 0 .0 7 1 4 ,1 0 0 5 9 2 ,2 0 0
1 0 8 2 9 0 .01 6 ,5 0 0 5 9 5 ,2 0 0
5 0 0 .0 3 6 ,8 0 0 5 5 2 ,0 0 0
1 0 7 0 .0 9 6 ,7 0 0 5 3 9 ,8 0 0
1 0 9 51 0 .0 0 1 1 5 ,1 0 0 1 ,6 0 0 ,0 0 0
9 0 0 .0 0 1 1 6 ,9 0 0 1 ,8 0 0 ,0 0 0
2 5 4 0 .0 0 2 1 5 ,1 0 0 1 ,6 0 0 ,0 0 0
1 1 0 2 0 0 .0 2 2 ,5 6 0 2 4 0 ,4 0 0
6 0 0 .0 5 2 ,5 8 0 2 4 2 ,1 0 0
1 4 3 0 .1 8 2 ,2 0 0 2 0 8 ,5 0 0
er Tests (Woessner, 1984)
Q =  Pumping Rate 
s’ =  Corrected Drawdown 
K =  Hydraulic Conductivity 
T =  Transmissivity
In 1992, ENSR conducted a series of pumping tests using Well 924 to 
determine the aquifer parameters in vicinity of Milltown (Table 10). These tests 
yielded a K value for Well 105 approximately five times greater than those reported by 
Woessner. ENSR's value is probably more representative of the hydraulic conductivity 
in the vicinity o f well 105 as monitoring wells were used (eliminating problems 
associated with well loss due to pumping) and pumping rates were large (950 gpm).
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However, W oessner's (1984) data indicate the presence of fine grained layers at well 
105; these materials were not noted in other well logs.
Table 10. A quifer P aram eters D eterm ined By ENSR From  Pum ping Test on Well
924 (ENSR, 1992)
Well D/R S Sv K (ft/d) T (ft2/d)
1 0 5 b D 0 .0 4 7 7 3 2 .9 4 1 5 7 8 8 8 2 ,6 8 3
1 0 5 b R 0 .0 0 6 0 .3 4 1 8 8 6 1 ,0 4 0 ,9 9 6
1 0 5 c D 0 .0 2 8 5 .5 8 1 5 1 2 8 3 4 ,2 2 1
1 0 5 c R 0 .0 2 6 2 .2 4 1 7 0 4 9 4 0 ,2 5 9
9 0 6 D 0 .0 0 0 5 0 .2 4 1 7 3 3 7 4 3 ,1 8 4
9 0 6 R 0 .0 0 0 5 0 .1 0 2 1 9 2 9 4 0 ,3 1 9
9 9 b D 0 .0 0 1 0 .3 6 1 8 7 2 1 ,0 0 5 ,4 1 9
9 9 b R 0 .0 0 0 8 0 .1 2 3 0 7 2 4 9 ,9 5 0
D/R = Drawdown or Recovery 
S =  Storativity 
Sy = Specific Yield
In 1992, ENSR used a flowmeter to assess aquifer parameters for 9 monitoring 
wells. The results are shown in Table 11. Ground water velocities obtained at each 
well using the flow meters were used to estimate hydraulic conductivities and 
transmissivities with Darcy's Law.
V =  Kdh/ndl
where ,V =  velocity (ft/day)
K =  hydraulic conductivity 
dh/dl =  local gradient 
n =  porosity
The resulting hydraulic conductivity values range from 50 to 1,400 ft/day. The 
range from the constant discharge test is from 1,512 to 3,072 ft/day. These values are 
difficult to compare directly because the flow meter tests were conducted in numerous 
wells over a large portion o f the aquifer and not in the pumping wells or in observation
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wells. The flow meter was also calibrated in material that represents the fine 
lithologies o f the Milltown aquifer but not the coarse units. Wheatcraft (1985) and 
Kerfoot (in ASTM STP 963, 1988) provide equations to adjust calculated flow meter 
velocities to account for differences in hydraulic conductivities between the flow meter 
medium and the aquifer (ENSR, 1992). The flow meter velocities were adjusted by a 
factor of three to fit ENSR aquifer test data.
Table 11. A quifer Param eters Determined By ENSR (1992) From  Flow M eter 
Tests
Local Estimated Saturated 
Well Gradient Porosity Thickness Velocity K K* T T* 
No. (feet/feet) (percent) (feet) (ft/d) (ft/d) (ft/d) (ft2/d) (ft2/d)
901 0.0028 35 21 7 875 2625 18375 55125
903 0.0028 35 14 2 250 750 3500 10500
904 0.01 35 14 20 700 2100 9800 29400
905 0.008 35 15 7 306 918 4954 14862
907 0.03 35 11 5 58 174 642 1926
908 0.013 35 28 24 646 1938 18092 54276
909a 0.015 35 30 27 630 1890 18900 56700
909b 0.015 35 30 17 397 1191 11900 35700
914 0.017 35 93 40 824 2472 76588 229764
915 0.015 35 17 51 1190 3570 20230 60690
• multiplied by a correction factor of 3
KCALC Calculations
I used KCALC, written by University of Montana graduate student Allan 
Wiley, 1988, to estimate K values for a number of wells within my study area. 
KCALC is a program based on a graphical technique for solving specific capacity data. 
Table 12 shows the results of my calculations. The majority of the wells are open 
ended, without perforations or screens and are not fully penetrating. The wells appear 
to be very inefficient, experiencing significant well loss. KCALC does correct for
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partial penetration but not for well loss. If well loss is substantial, KCALC 
underestimates hydraulic conductivity (K). Despite its shortcomings however, KCALC 
can be useful by pointing out zones of relatively low or high K. My calculations 
indicate the presence of a low K zone in the northeastern portion of the study area. K 
values average approximately 200 feet per day for the wells in this area.
A few wells in this area showed even lower K values. During my specific 
capacity calculations, the water level within the wells, as noted on the well logs, 
dropped down to the level of the submersible pump. The time it took for the water 
within the well to drop to the elevation of the pump is not noted on the well logs. 
Consequently, I could not use KCALC for these wells.
The hydraulic conductivity values as determined for the Clark Fork River 
Valley aquifer range from 174 ft/day to 63,000 ft/day. These values correspond with 
values for sand and gravel aquifers cited in literature (Table 13).
KCALC Hydraulic Conductivity Values
Well n HG-1 HG-2 HG-3 HG-4 HG-6 HG-7 HG-8
K (ft/day) 2698 88 86 237 2821 95 159
Well# HG-9 HG-10 HG-11 HG-12 HG-32 HG-34 HG-35
K (A/day) 169 164 276 29 16735 126.2 157
Well# HG-37 HG-39 C-2 MWWUA
K (ft/day) 153 4.6 1083 389
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Table 13. Literature Values for Specific Yield and Hydraulic Conductivity for a
Author Specific Yield Hydraulic Conductivity (ft/day)
Clark (1986) 0.115 1.400
Davies-Smith, Bolke and Collins (1988) 13,300 to 24,200
Fetter (1980) 0.12 to 0.21 130 to 13.300
Freeze and Cherry (1979) 0.10 to 0.30 1.300 to 130,000
Johnson (1967) 0.22 to 0.25 —————
Miller (1991) 1,550 to 18,000
The hydraulic conductivity results of the aforementioned aquifer tests, with the 
exception of ENSR's Flow Meter Tests and KCALC estimates, were used to develop a 
hydraulic conductivity distribution for the conceptual model. ENSR's Flow Meter 
results were not used in the conceptual model nor in the modeling effort due to the 
questionable validity. The meter was calibrated for fine-grained sediments, not coarse 
grained material which typifies the study area. Flow meter results could not be directly 
compared with results from pump test results because the flow meter was not used in 
the same well that a pump test had been performed on or in an observation well.
Clark Fork River Stage-Ground Water Relationship
Clark Fork River Stage
Table 14 summarizes the readings obtained from the staff gauges throughout the 
study period. Partial freezing of the Clark Fork River during winter created 
backwatering conditions. Freezing along the margins of the river confined the river to 
a narrower channel, and the river responded to this restriction by increasing in depth.
Figure 27 depicts the stage of the Clark Fork River at the tail race and seven 
staff gauges versus the elevation o f the ground water in a monitoring well adjacent to 
each staff gauge for November, 1992. Near well 907 the elevation of the water table is
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above the stage of the Clark Fork River. In this section, the Clark Fork River is an 
effluent stream, gaining water from the aquifer. Approximately 600 feet downstream 
from Milltown Dam, the Clark Fork River becomes influent. Downstream from the 
inflection point where the Clark Fork River goes from an effluent stream to an influent 
stream, the elevation difference between the surface water and ground water gradually 
increases with increasing distance downstream.
Table 14. C lark  Fork  R iver Stage Readings
Date Gauge#! Gauge #2 Gauge #3 Gauge #4 Gauge #5 Gauge #6 Gauge#? Tail Race
7/22/92 3180.70 3182.11 3187.48 3201.01 3211.53 3215.38 3230
8/4/92 3180.25 3181.55 3187.14 3200.69 3211.19 3214.83 3229.6
9/10/92 3180.25 3181.55 3187.14 3200.59 3211.19 3214.83 3228.17 3229.7
10/6/92 3180.53 3181.92 3187.33 3200.74 3211.44 3215.13 3228.38 3229.8
11/6/92 3180.63 3182.05 3187.39 3200.90 3211.45 3215.25 3228.44 3229.9
12/7/1992** 3181.45* 3182.43* 3188.23* 3201.59* 3212.21* 3215.52* 3227.96 3229.4
1/6/1993** 3180.97* 3182.41* 3187.74* 3201.11* 3211.74* 3214.87* 3227.98* 3229.4
2/7/1993** 3181.07* 3182.45* 3187.93 3200.67 3211.67 3214.80 3228.24 3229.8
3/8/93 3180.91 3182.39 3187.45 3201.03 3211.61 3215.40 3228.73 3230
4/7/93 3181.50 3183.26 3187.96 3202.19 3212.30 3216.36 3229.50 3230.6
5/9/93 3182.73 3184.77 3189.27 3203.35 3213.65 3218.77 3230.09 3231.4
6/5/93 3183.07 3185.13 3189.68 3203-74 3214.11 3219.23 3230.18 3231.6
7/8/93 3182.01 3184.18 3188.65 3202.67 3213.14 3218.13 3229.63 3231.1
* estimated gauge height 
Back watering conditions exist. 
•* Clark Fork River frozen
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This section presents a water balance based on field data. The model represents 
a compilation of the data I have collected for this study.
A quifer Recharge and Discharge Components
This section is designed to quantify the components of recharge and discharge 
components o f mass balance. Tables 15 and 16 summarize the inflow and outflow 
components.
Table 15. Inflow Components for the Hellgate Valley Aquifer
Marshall Creek Underflow 970 acre-ft/yr + 50% (490 to 1,460 acre-ft/yr)
Mittower Creek Underflow 400 acre-ft/yr + 50% (200 to 600 acre-ft/yr)
Flow in Alluvial Aquifer Beneath Reservoir 
Sediments Combined With Leakage from 
Milltown Reservoir Sediments
16,870 acre-ft/yr_+ 30% (13,500 to 20,240 acre-ft/yr)
Leakage from the Clark Fork River 40,000 acre-ft/yr + 50% (20,000 to 60,000 acre-ft/yr)
Leakage from the Blackfoot River 10,000 acre-ft/yr + 50% (5,000 to 15,0(X) acre-ft/yr)
Blackfoot Valley Underflow^ 690 acre-ft/yr
Upper Clark Fork Valley Underflow^ 7,540 acre-ft/yr
Bedrock Fracture Flow 0 acre-ft/yr
Recharge from direct Precipitation 0 acre-ft/yr





Hellgate Canyon under flow 31,670 to 63,350 acre-ft/yr
Recharge to Clark Fork River 150 acre-ft/yr to 1,760 acre-ft/yr)
Well Withdrawal 530 acre-ft/yr + 20% (420 to 640 acre-ft/yr)
Total 32,240 to 65,750 acre-ft/yr
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Inflow Calculations
Marshall Creek and Mittower Creek Under flow
I estimated the influx from both the Marshall Creek and the Mittower Gulch 
drainages by comparing the drainage area for each with that of Grant Creek, which was 
reported by de Breuil (1983) to discharge approximately 4,900 acre-ft/yr. Using a 
planimeter and a USGS quadrangle, I determined the drainage area of Marshall Creek 
to be 5.63 square miles and Mittower Gulch drainage to be 2.31 square miles.
Marshall Creek is approximately l/5th and Mittower Gulch is approximately 1/lOth the 
size of Grant Creek, so they should contribute 975 acre-ft/yr and 399 acre-ft/yr, 
respectively.
Leakage from Milltown Reservoir Sediments
Using Darcy's law, I calculated the flux of water through the reservoir 
sediments (which combines the leakage out of the sediments and the flow in the alluvial 
aquifer beneath the reservoir sediments) to be approximately 16,780 acre-ft/yr (Table 
17). Popoff (1985) estimated discharge to be between 15,920 and 21,786 acre-ft/yr.
To determine reservoir flux, I used Darcy's Law. I multiplied the local ground water 
gradient for each well by the cross sectional area times hydraulic conductivity. To 
determine cross-sectional area, I multiplied the saturated thickness by the horizontal 
distance between adjacent wells. For hydraulic conductivity values, I used values 
determined by previous workers.
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Table 17. Milltown Reservoir Flux Data






907 9.73*900 =  9757 2000^ 0.014 2,054
HLA-1 27.91*905 =  55820 2000^ 0.016 6,773
100b 11.44*725 =  8294 20001 0.0075 1,042
101b 29.02*870 =  25247 20001 0.0044 1,861
103b 37.45*1680 =  62916 19501 0.005 5,140
Total 16,870
1 Woessner, 1984. Hydraulic conductivity as determined by Woessner during aquii er tests (Table 8)
2 Estimate based on hydrogeology of surrounding wells.
Clark Fork Valley Under flow
Woessner (1984) estimated the Clark Fork Component o f flow to be 
approximately 900,000 ft^/d or 7,541 acre-ft/yr.
Blackfoot Valiev Under flow
Popoff (1985) determined the flow components contributing water to the 
Milltown aquifer. He estimated the amount o f ground water flux from the Blackfoot 
Valley into the contaminated zone to be 687 acre-ft/yr.
Leakage from Clark Fork River
Miller (1991) estimated leakage from the average losing reach of the Clark Fork 
(approximately 4.5 miles) for the MVA throughout a year to be approximately 265 cfs 
(192,(XX) acre-ft/year ±_32% ). M iller's model indicates a relationship between leakage 
and head in the Clark Fork River. To derive an estimate for my model, I used Miller's 
data from a month when hydrological conditions were similar to those during my 
investigation. For December, 1986, leakage of the Clark Fork River was 
approximately 200 cfs (98,464 to 191,136 acre-feet/year). I believe he overestimated 
leakage by underestimating in flow from Hellgate Canyon. Miller (1991) estimated 
underflow through Hellgate Canyon to be between 12,000 to 22,000 acre-ft/yr and I
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have estimated through flow to be between 31,647 to 63,347 . Miller's leakage should 
be reduced by the difference of these two estimates resulting in a leakage rate reduction 
of 9,647 to 51,347 acre-ft/yr, yielding a revised leakage estimate of 47,117 to 181,489 
acre-ft/yr for the MVA. For the Hellgate Valley Aquifer, the separation between the 
Clark Fork River bottom and the level o f the aquifer surface is less than that of the 
MVA, therefore leakage should significantly less for the Hellgate Valley aquifer 
(HVA) than the MVA. I believe leakage rates for the HVA are slightly less than the 
lowest revised leakage estimate of 47,464 acre-ft/yr for the MVA or approximately
40,000 acre-ft/yr + .50% .
Leakage from Blackfoot River
Upon reaching the Milltown Reservoir, the Blackfoot River enters a depositional 
environment, depositing fine-grained sediments on the stream bottom. Hydraulic 
conductivities for these sediments are much lower than the coarse sediments found 
lining the Clark Fork River. The losing stretch of the Blackfoot within the study area 
is approximately one half the length of the Clark Fork River. I have estimated leakage 
from the Blackfoot to be approximately 1/4 that of the Clark Fork River or 10,000 
acre-ft/yr +  50%.
Bedrock Fracture Flow
Though the Clark Fork Shear Zone and Blackfoot Fault cut through the site, the 
amount o f water discharging into the aquifer cannot be quantified at this time and is 
assumed to be insignificant.
Recharge from Direct Precipitation
The average yearly precipitation for this area is 13.92 inches (NOAA, 1989) 
and potential évapotranspiration for an alfalfa reference crop is estimated at 32 inches 
per year (Land and Water Consulting Inc., 1993). It is unknown if spring recharge
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enters the ground water system. Direct precipitation, therefore, is not considered to 
contribute to aquifer recharge on an annual basis for this evaluation.
Outflow Calculations
Hellgate Canyon Underflow
I estimated the ground water flux through Hellgate Canyon using Darcy's law. 
The cross sectional area was based on the saturated thickness of 147 feet based on the 
Geophysical survey data (seismic line G-4) and on the Cobblestone Condominium well 
log. Estimating a cross-sectional area o f 140,000 ft^, hydraulic conductivity between
9.000 and 18,000 ft/day, and a gradient of 0.003, the resulting through flow is between
32.000 and 63,000 acre-ft/yr
The values I have obtained are significantly larger than those of Miller (1991) 
who estimated the flux to be between 12,000 to 22,000 acre-ft/yr. In his calculations, 
he used hydraulic conductivities between 4,920 and 7,380 ft/day. He reports hydraulic 
conductivity values of 9,000 and 18,000 ft/day for wells located in the eastern portion 
of the Missoula Valley Aquifer, just west of Hellgate Canyon. Because of the 
extremely high energy environment present in Hellgate Canyon during the catastrophic 
draining of Glacial Lake Missoula, I believe that the higher values are more realistic 
than those used by Miller. The values I used are also comparable to values reported for 
the Spokane aquifer (Davies-Smith, Bolke and Collins, 1988), which has been 
subjected to similar geological processes as the eastern portion of the Milltown aquifer.
Recharge to the Clark Fork River
I have calculated the discharge through a cross section near well 907 using a 
hydraulic conductivity value of 2,000 ft/day (the approximate average hydraulic
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conductivity value for wells along the reservoir's edge), a cross-sectional area of 3,375 
feet^ and a gradient of 0.0311. The resultant discharge is 1,760 acre-ft/day.
Well Withdrawal
There are approximately 1,475 residences in the study area . According to the 
Missoula City-County Health Department (per communication with Allan English 
1992), each residence uses approximately 600 gallons per day, resulting in withdrawal 
of approximately 991 acre-ft/yr. However, Mountain Water Company, which serves 
450 residences in East Missoula has a 50% line loss (per communication with Bob 
Ward, Mountain Water Company, 1993) resulting in recharge of 151 acre-ft/yr for a 
net withdrawal o f 840 acre-ft/yr. However, not all of the net water withdrawn is 
consumed. Septic systems recycle water back approximately 181 gallons/day/home 
(300 acre-ft/yr) to the aquifer (Ver Hey, 1986), thus reducing the amount consumed to 
approximately 530 acre-ft/yr.
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CHAPTER IV: MODEL RESULTS
Purpose of Model
The purpose of this model was to evaluate my conceptual hydrogeologic 
understanding of the dynamics of the regional ground water flow system and to 
evaluate the magnitude of the surface water-ground water interaction. The modeling 
effort was also used to quantify ground water components in order to derive a dilution 
ratio for contaminants leaving the Milltown Reservoir sediments and entering the 
regional ground water system.
Conceptual Model
The Milltown aquifer can be depicted as coarse sands and gravels filling a basin 
scoured by the Blackfoot and Clark Fork Rivers. The mountains and hills adjacent to 
the basin act as lateral boundaries and the underlying Precambrian bedrock acts as a 
basal boundary. The bedrock is assumed to contribute proportionally small quantities 
of water to the alluvial system; thus it is viewed as a zero flux boundary.
Ground water flow can be divided into a number of components near Milltown 
Reservoir, whereas west o f the Reservoir the flow primarily follows the valley. 
Recharge to the system is believed to be derived from under flow from the Blackfoot 
and Clark Fork Valleys plus from Marshall Creek and Mittower Creek drainages, 
leakage from the Blackfoot and Clark Fork Rivers, leakage from water utility lines, and 
movement o f ground water from Milltown Reservoir sediments into the aquifer. The 
aquifer discharges into the Clark Fork River for a short distance immediately
67
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downstream of Milltown Dam. Withdrawal from wells for domestic and commercial 
use is an additional source of discharge.
I envisioned the Hellgate Valley Aquifer to act as a single layer, two 
dimensional aquifer. On a regional perspective, the ground water found over most of 
the study area is unconfined, and flow appears to be primarily horizontal. There are 
substantial vertical gradients in the fine-grained reservoir sediments, but my model 
addresses the alluvial package beyond the reservoir sediment/aquifer interface.
The aquifer is composed primarily of coarse Quaternary sediment (Woessner, 
1984) and varies in thickness from approximately 9 feet near the reservoir to over 140 
feet in Hellgate Canyon and in the eastern portion of the study area. The base of the 
aquifer is composed of argillites and quartzites of the Precambrian Belt Super Group. 
Figure 13 depicts the base of the aquifer. Tertiary sediments appear to have been 
removed or reworked by catastrophic draining of Glacial Lake Missoula or were not 
deposited within the study area.
High K zones exist within eastern portion of the study area. One such zone is 
associated with the bedrock depression north and east of Milltown Reservoir. The 
trough appears to be an erosional feature created by the Blackfoot and Clark Fork 
Rivers. High K zones also exist in and near Hellgate Canyon.
Model Construction
I used a grid spacing of 300 feet by 300 feet, with the Y axis oriented north. 
Utilizing this spacing, a 94 x 38 matrix was developed to encompass the study area. In 
accordance with my conceptual model, I developed a one-layer unconfmed system.
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Aquifer Boundaries
The aquifer is laterally bounded by low permeability Precambrian bedrock. The 
pronounced break in slope between the relatively flat-lying valley floor and the steeply 
sloping outcrops of argillite and quartzite define the lateral edges of the alluvial aquifer. 
The specific location of the boundary was derived from USGS topographic maps and 
by field checking. Because the hydraulic conductivity of the bedrock is much lower 
than the alluvial aquifer, I set the north and south lateral boundaries as zero flux 
boundaries (Figure 28). The Precambrian bedrock also forms a basal no-flow 
hydrogeologic boundary. The elevation of the base was determined from Figure 13 
and from well log data.
The western boundary of the model was established to coincide with the eastern 
border of M iller's model. This aquifer boundary was represented as a constant head 
boundary, with the ground water elevation at the eastern edge of the model obtained 
from the November, 1992 potentiometric surface.
The eastern boundary was also predicated on the potentiometric surface for 
November, 1992. This boundary, also a constant head boundary, simulates the 3246 
foot equipotential line.
Underflow from the Marshall Creek drainage and Mittower Creek drainage is 
represented by injection wells.
The thickness o f the aquifer was interpreted from Figure 14.
Hydraulic conductivity values from pumping tests were input into the model 
(Figure 29) and underwent only slight modification in the calibration process. In 
locations where K values were unknown, the values were adjusted to a much higher 
degree. Figure 30 is the adjusted hydraulic conductivity distribution used in the model. 
Aquifer thickness values as determined from drilling to bedrock and geophysics were
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input in the model without adjustment. In areas where aquifer thickness was not 
known, original aquifer thickness values were adjusted. Stream stage was not adjusted 
as the head value for each river node was input as part of the river package.
Ground Water-Surface Water Interaction
The stage of the Clark Fork and Black Foot rivers were represented by using the 
River Package in Processing MODFLOW (Chiang and Kinzelbach, 1992). The Clark 
Fork River head input was generated from staff gauge readings, MPC tail race data and 
USGS gauge information. I interpolated between staff gauges to derive a head value 
for each river cell. River bottom elevation was set by subtracting five feet (the 
assumed average depth of the Clark Fork River) from the river stage for November, 
1992.
The Blackfoot River, from the north end of Champions' mill property to the 
reservoir, essentially behaves as an extension or arm of the Milltown Reservoir. In the 
model, the pond elevation for November was used to represent the river. The elevation 
of the bottom of the Blackfoot River was determined by measuring the depth of the 
water from a bridge near Milltown.





















































FINAL HYDRAULIC CONDUCTIVITY DISRIBUTION 
FOR STEADY STATE MODEL
(Hydraulic cortductlvlty values art In feet/day)
Figure 30. Hydraulic Conductivity Distribution for Steady State Model
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Initial riverbed conductance was determined by using the following formula 
(from McDonald and Harbaugh, 1984):
CRIV =  ORIV
(HRIV-RBOT)
where: CRIV =  Hydraulic conductivity of the stream-aquifer connection 
QRIV =  Flow between the stream and the aquifer 
HRIV =  Stream stage 
RBOT =  Elevation of aquifer surface
The value of CRIV was adjusted during calibration of the steady-state model.
Heads were also used along the eastern and western boundaries of the model.
These specified heads were represented using the General Head Boundary package of
Processing MODFLOW (Chiang and Kinzelbach, 1992). Head values for the specified
heads were derived from the potentiometric surface generated from ground water
elevation data collected in November, 1992.
Calibration Targets
The model was calibrated to represent the field measured potentiometric surface 
for November, 1992. There is probably no time during the course of a year that the 
system reaches steady-state, but during October and November the stage of the Clark 
Fork River varied approximately 0.1 feet and the water table varied less than 0.55 feet.
The first calibration target is a comparison of field measured heads and those 
derived from the model. Another target selected was to attempt to simulate the water 
budget as estimated from the conceptual model. A third calibration target was to 
represent the losing and gaining stretches of the Clark Fork River.
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Calibration Target 1
The steady state model was calibrated to correspond with the calibration targets 
as mentioned above. Part of model calibration process involves comparing measured 
heads vs. modeled heads. Figure 31 shows the location of wells used in the 
comparison process. The field measured heads are estimated to be accurate within 0.52 
feet and the corresponding potentiometric surface is also estimated to be of the same 
degree o f accuracy.
Sources of Error
Interpolation error +  0.10'
Water Level Measurements +. 0.02'
Survey Error ± 0 .1 0 '
Transient Error +  0.30'
Total Error 4- 0.52'
The model is block centered, which places the values assigned or derived for 
individual nodes at the center o f each node. Model nodes or cells which were used to 
compare the modeled heads versus field measured heads have the center of the cell as 
the monitoring location. However, the field locations for the wells do not correspond 
to the center o f cells in the model. I applied an interpolation or correction factor to 
"move" or adjust the wells to the center of the corresponding cell in the model. The 
correction factor was determined by multiplying the groundwater gradient near the well 
by the distance of the well from the center of model cell and either adding or 
subtracting this adjustment value to the field measured head. Interpolation error is the 
measurement error within the ground water gradient and the distance determinations.
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Figure 31. Location of Wells Used to Compare Measured vs. Modeled Heads
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Water levels were recorded using either a steel or electrical tape graduated in
0.01 foot increments. Temperature fluctuations may cause expansion or shrinkage of 
the tapes, slightly reducing the accuracy of the tapes.
Water level elevation survey lines were closed with a maximum error of 0.10
feet.
Ideally, SWL data should be gathered instantaneously from the entire 
monitoring network so as to record an instantaneous picture or "snapshot in time" of 
the elevation of groundwater within the aquifer. But, as in this case, this is usually not 
possible and error is introduced into the data set. Transient error refers to the change 
in ground water elevation during the period of time which was required to collect 
SW L's from the monitor well network (between two to three days).
Calibration Target Two
The second calibration target is a comparison of the conceptual model results to those 
of the numerical model (Table 18).
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Table 18. Conceptual Model Results vs. Numerical Model Results
Com ponent Conceptual Model Numerical Model Results
Inflow Com ponent Contribution Contribution
(acre-ft/yr) (acre-ft/yr)
Alluvial Under flow* 21,730-28,470 24,800
Clark Fork River Leakage 20,000 - 60,000 20,720
Blackfoot River Leakage 5 ,000- 15,000 5,370
Injection Wells** 690 - 2,060 690
Total 47,420 - 105,530 51,130
Outflow Com ponent Contribution Contribution
(acre-ft/yr) (acre-ft/yr)
Hellgate Canyon Under flow 31,670-63,350 50,840
Pumping Wells*** 420-640 250
Aquifer Recharge to CFR 150- 1,760 40
Total 32,240 - 65,750 51,130 acre-ft/yr
* alluvial under flow includes Clark Fork River and Blackfoot River valley through flow plus leakage 
from the Milltown Reservoir sediment package (fine grained reservoir sediments and the underlying 
coarse grained alluvium).
** Mittower and Marshall Creeks are represented in the model as injection wells 
*** pumping wells for the conceptual model is the total estimated amount of water withdrawn from all of 
the commercial and domestic wells for the study area, whereas for the model, the amount of water 
withdrawn from the aquifer is only from select commercial production wells
The steady state model output is shown in Table 18. I used the model's water 
budget capabilities to separate the contributions of individual components such as 
leakage from the Clark Fork and Blackfoot Rivers.
When comparing the model results to the conceptual model, most of the values 
compare favorably, but a couple o f anomalies appear to exist. The conceptual model 
yields a value of 460 to 640 acre-ft/yr for well withdrawal and the numerical model 
result is 252 acre-ft/yr. Individual domestic wells are thought to have a nominal impact 
on the groundwater flow system, hence their withdrawals are ignored, and only the
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major municipal wells present in the study area are used in the numerical model for 
well withdrawal.
The aquifer recharge to the Clark Fork River is estimated at 1,760 acre-ft/yr 
and the model yields a value of 40 acre-ft/yr. The model may underestimate the 
recharge due to the coarse resolution of the model grid and the fact that the model is 
two-dimensional, thus not able to account for an up welling component.
C alibration Target Three
According to measurements from the potentiometric surface from 11/92 and the 
stage of the Clark Fork River below Milltown Reservoir, the gaining stretch was 
determined to be from the dam to approximately 600 +. 300 feet downstream. The 
model estimated the length of the gaining reach to be 300 feet.
M odel Results
The AAE of 1,17 feet is within 0.65 feet of the ideal model fit. The 
comparison of the 11/92 potentiometric surface and the simulated potentiometric is 
shown in Figure 32, Table 19 is a comparison between field measured heads and head 
values as determined from the numerical model.
Sensitivity Analysis
As part of the model calibration, I conducted a sensitivity analysis. The 
purpose o f the sensitivity analysis was to determine to what degree model calibration is 
affected by varying each parameter over its probable range of values. From a 
sensitivity analysis, it can be determined to which factors the model is most sensitive.










OBSERVED AND MODEL SIMULATED POTENTIOMETRIC 
SURFACE FOR STEADY STATE MODEL
Figure 32. Measured vs. Modeled Potentiometric Surfaces
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Table 19. Comparison of Field Measured Heads vs. Mode






MW#1 0.44 0.48 0.92 0.92
MW#2 -0.46 0.28 -0.18 0.18
MW#3 -0.93 0.35 -0.58 0.58
MW#4 -0.84 -0.21 -1.05 1.05
MW#5 -0.03 -0.35 -0.38 0.38
MW#6 0.42 0.36 0.78 0.78
MW#7 0.53 -0.38 0.15 0.15
HG-I -0.4 0.45 0.05 0.05
HG-3 1.13 0.47 1.6 1.6
HG-4 1.9 -0.15 1.75 1.75
HG-5 0.42 0.14 0.56 0.56
HG-6 -0.53 0.08 -0.45 0.45
HG-8 -1.14 -0.06 -1.2 1.2
HG-10 -0.89 0.14 -0.75 0.75
HG-17 1.89 0.17 2.06 2.06
HG-18 1.16 0.3 1.46 1.46
HG-21 -2.46 0.43 -2.03 2.03
HG-22 -2.76 -0.13 -2.89 2.89
HG-27 0.13 0.18 0.31 0.31
HG-29 -0.77 -0.06 -0.83 0.83
HG-31 0.54 -0.05 0.49 0.49
HG-32 0.19 -0.18 0.01 0.01
HG-34 -1.18 0.55 -0.63 0.63
HG-40 2.25 0.31 2.56 2.56
103B 0.13 -0.73 -0.6 0.6
105B -1.27 -0.06 -1.33 1.33
108B -2.79 0 2.79 2.79
905 -0.18 1.04 0.86 0.86
915 -2.92 ■ -0.13 -3.05 3.05
920 2.16 1.07 3.23 3.23
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My input parameters were: 1) hydraulic conductivity 2) bottom elevation of the aquifer 
and 3) river bottom conductance. Table 20 shows the range over which the input 
parameters were varied.
Table 20. Inpu t P aram eter V ariation
Inpu t P aram eter V ariation
Hydraulic Conductivity -20, -10, -5, 0, + 5 , 4-10, 4-20 percent
Bottom Elevation -40, -20, -10 -5, 0 feet
River Bottom Conductance -20 ,-10 , -5 ,0 , 4-5, 4-10, 4-20 percent
Results o f the sensitivity runs are demonstrated by tabulating the difference 
between the observed and simulated water levels (absolute average error) versus the 
percentage change in parameters or in feet as in the case o f river stage. Table 21 holds 
the results o f the sensitivity analysis.
Table 21. Sensitivity Analysis Results
Hydraulic Riverbed Aquifer
Conductivity Conductance Aquifer Bottom Bottom
% Change AAE(ft) AAE(ft) Elev. Change (ft) AAE(ft)
+20% 1.51 1.45 +20 *
+  10% 1.25 1.26 + 10 *
+ 5% 1.19 1.20 + 5 *
0 1.17 1.17 0 1.17
-5% 1.20 1.19 -5 1.19
-10% 1.28 1.26 -10 1.22
-20% 1.56 1.63 -20 1.30
-40 1.50
* Model did not converge due to numerical instability
The results of the sensitivity analysis indicate that the model is very sensitive to 
increasing the aquifer bottom elevation. The model becomes numerically unstable due
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to interference with river nodes. When the bedrock is raised to or above the elevation 
of the bottom o f the river, the model becomes unstable. The model is less sensitive to 
changes in hydraulic conductivity and changes in riverbed conductance.
Discussion of Numerical Model
Field and model results indicate that pathways for contaminants to enter the 
MVA exist. Water from the Milltown Aquifer enters the Clark Fork River 
immediately below the Milltown Dam and extending approximately 600 feet 
downstream. The steady state model indicates insignificant movement of water from 
the reservoir sediments around the northern end of the cut-off wall and then discharging 
into the Clark Fork River. The model results indicate recharge to the Clark Fork River 
at approximately 40 acre-feet/year. Since the model is a two-dimensional model, it 
does not take into account up welling of water seeping from underneath the dam. 
Canonie determined the value for up welling to be between 60 to 260 cfs (John Lupo, 
Canonie, personal communication, 1993).
A considerable amount of water migrates from the Clark Fork River into the 
Hellgate Aquifer. Leakage from the Clark Fork River and Blackfoot Rivers (20,720 
and 5,370 acre-ft/yr, respectively) contributed approximately one half of the water 
available in the Hellgate Valley Aquifer for the modeled time period. Head differences 
between the river and aquifer influence leakage rates. The stage of the river generally is 
3-4 feet above the aquifer in the eastern portion of the aquifer and 10-15 feet higher 
than the water table in Hellgate Canyon. The aquifer and Clark Fork River are well 
connected in the eastern portion of the site, but the connection in the western portion is 
not as well defined. Miller (1991) proposed that unsaturated flow may occur in the
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eastern portion o f the Missoula Valley near the mouth o f Hellgate Canyon. This 
condition may extend eastward into the Hellgate Valley Aquifer. If unsaturated 
conditions exist, leakage from the Clark Fork River into the underlying aquifer would 
be significantly lower than previously estimated.
Approximately 13,420 to 20,140 acre-ft/yr of contaminated water migrates from 
the fine-grained reservoir sediments and underlying alluvium into the Milltown aquifer. 
The contaminated water enters a  trough filled with high hydraulic conductivity 
material, which acts as a funnel, directing the contaminated water away from the 
reservoir into the adjacent Milltown aquifer. Figure 33 shows the modeled ground 
water flow system near Milltown Reservoir. Flow lines depict water emanating from 
Milltown Reservoir, moving in a northeasterly direction. The flow lines appear to be 
deflected by relatively clean waters from leakage from the Blackfoot River and through 
flow from the upper Clark Fork River Valley Aquifer and Blackfoot River Valley 
Aquifer. These waters converge and mix near well 915, resulting in rapid diminishing 
o f arsenic concentration via dilution and presumably oxidation and precipitation of 
contaminants.
The model is calibrated for a time period in which stream flows and stage were 
near minimum values for the year. Consequently, I do not believe that the model 
results are representative o f a water year and underestimate the yearly leakage amount. 
Instead, I think that my model is more representative o f low flow conditions. With 
higher river stages, river leakage will increase. Miller (1991), demonstrated a 
relationship between river stage and leakage in his model o f the Missoula Valley 
Aquifer. For time periods when the stage o f the rivers is higher than indicated in my 
model, leakage may exceed my model results.
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Figure 33. Flow System and Water Quality Distribution Numerical Model
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The model water budget also probably underestimates the amount of water 
flowing through the system for a year. The model water budget reflects low flow 
conditions in the rivers, but also low water table elevations. Although the model is 
calibrated to when conditions are relatively stable, there is probably not a time period 
when steady state conditions exist. The amount o f water flowing through the system 
fluctuates with time. During spring runoff, the water flowing through the system 
probably is at a maximum, and reaches a minimum in winter or early spring.
The downgradient extent o f the plume is probably determined by the 
groundwater velocity and the amount of water available for dilution of the 
contaminants. Based on Canonie's (1993) estimate of 2,063 acre-ft/yr of contaminated 
pore water emanating from the Milltown Reservoir Sediments and the model flux of 
51,135 acre-ft/yr through Hellgate Canyon, the contaminated water from the Milltown 
Reservoir sediments are diluted by a factor of approximately 24:1 before entering the 
MVA (assuming complete mixing). The Clark Fork River appears to be a significant 
source o f recharge to the Hellgate Valley aquifer and the MVA. Contaminants in the 
Clark Fork could enter the aquifer though leakage through the river bottom. Since the 
Hellgate Valley Aquifer and MVA are hydrogeologically connected, contaminants 
present in the Hellgate Valley Aquifer have the potential to adversely impact the MVA.
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CHAPTER V: CONCLUSIONS AND RECOMMENDATIONS
This study has provided the initial hydrogeologic characterization of the 
Hellgate Valley Aquifer. It has provided information on aquifer thickness, 
configuration of the aquifer base, and distribution of aquifer properties. The study also 
quantified the components o f the groundwater system. The objectives of the study 
were achieved and are discussed below:
1. The thickness o f the alluvial aquifer and configuration of the aquifer base was 
characterized by examining wells logs and by conducting a seismic refraction 
survey to determine depth to bedrock.
2. A monitoring well network was established and static water levels were collected 
from 102 wells allowing for the construction of potentiometric maps. These maps 
proved helpful in interpreting hydrogeologic boundaries, groundwater flow 
directions, and low conductivity zones. Groundwater samples were collected from 
17 wells to help delineate the downgradient extent of arsenic exceeding EPA's 
Safe Drinking Water Standard.
3. Two pumping tests were performed on production wells in East Missoula to 
obtain aquifer parameter data for the western portion of the study area. Hydraulic 
conductivity ranges from approximately 9,000 to over 16,000 ft/day. The results 
are similar to those reported by Miller (1991) for the eastern portion of the 
Missoula aquifer.
4. The steady-state numerical model was used to quantify groundwater flow 
components including leakage from the Clark Fork and Blackfoot Rivers. The 
model results indicate that approximately 51,000 acre-ft/yr of water enter the
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Missoula Valley Aquifer as underflow through Hellgate Canyon. Leakage from 
the Clark Fork River and the Blackfoot River contributes over 26,000 acre-ft/yr, 
or approximately one half the water in the Hellgate Valley Aquifer.
Recommendations for Further Study
The modeling results, as are the case of any modeling effort, are a non-unique 
solution. The modeling results are only as good as the input data and the completeness 
of the equations. To obtain modeling results that closely represent the flow system, the 
input parameters must be precisely determined. The better the input, the closer the 
model comes to representing the system. To help refine the model generated for this 
report, additional hydraulic conductivity values need to be determined. Additional 
pumping tests need to be conducted especially in Hellgate Canyon and Bandmann Flats, 
where the hydraulic conductivity is poorly understood. Additional pumping wells 
should be installed coincident with existing monitoring wells. The pumping wells need 
to be equipped with pumps capable of withdrawing sufficient water to stress the highly 
conductive aquifer.
The model was designed as a regional ground water flow model, and the model 
grid has to relatively coarse (300 feet by 300 feet) to incorporate the entire study area 
and still remain within the parameter limits set by the model. A portion of the error of 
the modeling results can be attributed to the coarseness of the model grid. The 
resolution o f the model and error reduction could be enhanced if the discretization 
parameters were refined.
To further refine leakage from the Clark Fork and Blackfoot Rivers, and 
leakage from the Milltown Reservoir sediments, seepage meters should be installed.
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To confirm if unsaturated conditions do exist beneath the Clark Fork River in 
the western portion of the study area, piezometers which penetrate the river bed 
sediments should be installed. If unsaturated conditions exist, the piezometer would be 
dry for the distance between the bottom of the river to the level of the water table.
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APPENDIX A: GEOPHYSICAL DATA
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Geophysics Methodology
Data were collected with a Terraloc, 12 channel seismograph. Seismic signals 
were generated using a variety of sources: impact of a sledge hammer upon a steel 
plate, shells detonated from a Betsy seisgun, and Kinestic explosives. The type of 
source utilized to generate a signal depended on the proximity of the seismic line to 
cultural features, spread geometry, background noise and the amount of energy 
required to penetrate through the alluvial materials down to bedrock.
Background noise was monitored by using a real-time display on the 
seismograph. When background noise was minimal, the seismic signal was generated, 
triggering the recording mechanism of the seismograph. The recorded data were 
displayed on the CRT screen and if the data were acceptable, then the seismic traces 
were saved and transferred to a floppy disk. Seismic signals were often stacked to 
enhance data quality.
After the seismic traces were recorded, Seisview, a seismic interpretation 
program, was used to make first break picks and to edit data files for further 
processing. SIPT2 was utilized for actually interpreting the edited seismic data. SIPT2 
was chosen because it is able to delineate undulating refractors.
SIPT2 was used to process and interpret the seismic data we collected. 
According to the Users Guide To Program SIPT2 V-4,0, "the inversion algorithm uses 
the delay-time method to obtain a first approximation depth model, which is trimmed 
up by a series o f ray-tracing and model adjustment iterations that seek to minimize the 
discrepancies between the field-measured arrival times and the times traced through the 
2 1/2-D cross-sectional depth model".
SIPT2, works on a few basic assumptions. The following assumptions apply to 
the inversion algorithm:
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1. Seismic refraction layers are continuous and extend from one end of the refraction 
line to the other.
1. Layer velocity increases with depth.
2. Although vertical and horizontal velocities may be assigned different values, these 
velocities are assumed to remain constant from one end of a spread to the other.
The data for each spread were processed as follows: the arrival times for each 
channel was plotted as a function of the distance from the shot point. The time- 
distance shots for each spread are shown in Appendix I (the time distance plots do not 
depict the raw data, but show data which has elevation corrections applied). Refractors 
are assigned for each arrival time and then the velocities for each layer were analyzed. 
Velocities for each layer were compared to values obtained by Blackhawk Geosciences 
1989 and Woessner, 1984 for suitability.
Geophysical Interpretation 
Line 1
Line 1 is located west o f Champion Mill on the west side of the Blackfoot. Its 
location was chosen to tie in with Blackhawk's seismic line number 5. Data quality 
from this line is poorer than the other lines due to higher background noise created by 
milling activities. Three layers were discerned. The first layer is identified as rubble 
and gravel for the velocity used for depth interpretations (2185 ft/sec) and fell within 
values reported by Redpath (1973) who cites velocities for rubble and gravel as being 
between 1,970 and 2,600 ft/sec. This layer ranges in thickness from 26.4 to 60.9 feet.
The water table (layer 2) appears to be approximately 33 feet below ground 
surface (3242) near the Blackfoot River and dips to over 60 feet below ground surface
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(3215) at the northern end of the line. SWL's from wells 109b and 29 were compared 
to the results of the seismic survey to evaluate the effectiveness of the seismic survey. 
The elevation of the water table for well 109b, located about 200 feet south of the line, 
was 3240.4 feet in October, 1992. Well 29 located approximately 400 feet northwest 
o f the northeast end of the line shows the water table elevation to be 3229.7 feet MSL 
6/93. The discrepancy between the elevation at the end of the line and well 29 may be 
caused by the following: The seismic investigation was conducted in October, 1992 
and well 29's SWL was recorded in June, 1993 when the water table was at its highest 
level. The elevations of the geophones and shot points were not surveyed in, but were 
taken off a USGS topographic map. Elevations near the northern end of the line are 
probably closer to 3290 feet than the 3275 value used in the interpretation. Data 
quality was poor, making the interpretation difficult.
Bedrock Profile 1 shows a highly convoluted surface with considerable relief.
A channel-like feature exists on the northeast end of the line. It reaches a maximum 
depth of 182 feet BGS at station 1160. Blackhawk Geophysics using the Generalized 
Reciprocal Method interpreted the bedrock to be at an elevation of 3140 feet at station 
375 of their line 5. This seismic study yielded a value of 3191 feet for station -20 of 
line 1. The eastern end of Blackhawk Geosciences line 5 rises up to 3185 feet.
Line 2
Four layers were discerned along this line. Layer 1 with a velocity of 1677 
ft/sec, silt and clay; layer 2, velocity 2,788; gravel; layer 3, velocity 6,036 ft/sec 
saturated alluvial sediments; layer 4, velocity 14207, bedrock. Along Bedrock Profile 
2, the bedrock surface dips steeply at station 0 and gently slopes to a depth of 203 feet 
BGS at station 639.9. From station 639.9 continuing north, the bedrock slopes
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upward, reaching a minimum depth to bedrock of 79 BGS {3179 feet) at station 919.9 
and then sloping downward.
Line 2a
Four layers also were present at this location. At the south end of the line, the 
water table (layer 3) is only 32 feet below the surface. The water table appears to be 
elevated from recharge by continuous outflow of water from a stock tank located near 
station 0. The water table slopes down to 50 feet BGS or 3218 feet at station 510. 
Bedrock is 67 feet beneath the ground surface at station -80 and slopes to maximum 
depth of 163 feet (3106 feet above MSL) at station 320.
Data from Line 2a, located south of line 2, tie in well with Line 2. The 
bedrock elevation at the south end of line 2 is 3132.3 feet and the elevation of bedrock 
at the north end o f line 2a is 3132.1 feet.
Line 3
There are four layers along seismic line 3. Layer 1, with a velocity o f 1,973 
corresponds to semi-consolidated sandy clays. The well log for MW#3, located 
approximately 250 feet south of the south end of line 3 indicates a layer of silt, 
probably lacustrine deposits from Lake Missoula.
The water table elevation for MW#3 in October, 1992 was 3198.9. The water 
table elevation (layer 3) was computed as 3178 feet.
The bedrock surface has lots o f relief over relatively short distances. It reaches 
a maximum depth below the ground surface of 3029 feet at station 2139.6 with a 
minimum depth o f 3160.5 feet below ground surface at the south end of the line 
(station 2979.6). The inclined ridge at station 1899.6 may be a fault sliver related to 
the Clark Fork Shear Zone or it may be an abrupt contact between different lithologies.
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Due to inherent limitations o f the SIPT2 program, velocity changes occurring within a 
spread are interpreted as changes in topography of the refractor.
Line 3a
Line 3a essentially is a northern extension of line 3. The gap between these 
lines is due to the presence of Deer Creek Road. Three layers appear to be present at 
this location. A fourth layer comprised of silty sand, present in line 3, is missing in 
this area. This line is located on a flood plain o f the Clark Fork River and the action of 
the river appears to have removed or reworked the silty layer. Velocity for layer 1 is 
1729 ft/sec which corresponds to semi-consolidated sandy clays. Field observations 
support this conclusion as compact clays were encountered when we created the shot 
holes. The velocity for layer 2, the saturated sediments, is 6111 ft/sec. The bedrock 
velocity, layer 3 is 11637 ft/sec.
Depth ranges from 144 feet BGS (elevation of 3082 feet MSL) to 56 feet BGS 
(elevation of 3170 feet MSL) on the north end of the line. This line ties in well with 
Line 3. The bedrock elevation at the northern end of Line 3 is 3116 feet and the 
southern end of Line 3a is 3109 feet.
Line 4
Four layers were present in Hellgate Canyon. The uppermost layer (layer 1) 
had a velocity o f 1373 ft/sec. This appears to be a layer o f weakly compacted silty 
sand, probably Lake Missoula lacusterine deposits. We had to use multiple shots at 
many of our shot point, because the penetration of the acoustic signal was impeded by 
the dampening characteristics of the underlying material.
Directly beneath this layer is a layer o f gravel or partially saturated sediments. 
The saturated zone (layer 3) with a velocity o f 6970 ft/sec is encountered at 
approximately 43 feet beneath the surface at the northern end of the line. The SWL for
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well HG-1, located north of Line 4 was 38.5 feet BGS 11/92. Layer 4, which has a 
velocity o f 18,118 ft/sec is interpreted to be argillite. The depth to bedrock varies 
from 196 to 140 feet beneath the surface.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
100
Seismic Line 1 Data
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S IP T 2  V - 4 .0  S e:SM lC  W flU CTIO II INTERPKETATI3W PROGRAM ■ RIMROCK CEOPKYSICS. INC.
DATA PTUK; L I .M T PRINT PIL E : LI.OUT
T IT U S; s a o p l a d a c e  a e r f o r  u s e  l a  t h e  p ro g ra m  SEISMIC
PROGRAM COWTmOL DATA P r i n t e r  P lo t S c a l e s D a  t  u
K ie v  M o ria T im e P 0  1 R
s p r d a  E x i t U y e r s  v - O v e r f e / c o l  f t / r e v m a /e o l E l s v  X
--------- --- " - - - - - - - - - - - -
3 ( 3 0 5 .0  3 0 .0 .9 .0
SHOTPOIWT AND GEOPHONC INPUT DATA
S p r e a d  I ,  ) S h e c p e l n c s ,  12 G s o p h o a e s .  % S h i f t  « o .o . X T ru e  •
SP K ie v % L ee Y L e e D e p th  u p h e l s  T  fu d g e  T End SP
a  3 3 7 S .S • 2 0 .0 .0 2 .0 .0 .0  0
b  3 2 7 5 .S 2 0 0 .0 1 0 . 0 .0 .0 .0  0
e  3 2 7 5 .S 4 S 0 .f i .0 1 .5 .0 .0  0
A r r i v a l  T im e s  *  P u d g e  T a n d  L a y e ra  c e p r e a e o c e d
G eo K ie v X 'L o c y - L a c SP a SP b SP c
---- T - - - L - T - — L - •  • T .  — L
I  3 2 7 5 .S .0 .0 1 1 .5  I ( 4 . 3  2 9 2 .8  3
2  J 2 7 S .S 4 0 .0 .0 25 8 1 5 8 .3  2 9 1 .0  3
3 3 2 7 5 .S IO .fi .0 4 3 .0  1 5 1 .8  I 8 8 .8  3
4 3 2 7 5 .5 1 2 0 .0 .9 5 0 .5  1 4 2 .5  1 9 5 .8  2
» 3 2 7 5 .5 .9 S3 8 2 2 4 .9  1 8 1 .5  2
S 3 2 7 5 .5 2 0 0 .0 .0 ( 0 . 3  2 1 5 .5  1 - 3 . 3  2
7 3 2 7 5 .5 2 4 0 .0 . 9 ( 5 . 3  2 2 5 .f i 1 7 0 .3  2
1 3 2 7 5 .5 2 8 0 .0 .0 71 5 2 4 0 .3  I ( 2 . 9  2
9 3 2 7 5 .S 3 2 0 .0 .0 7 7 .5  2 4 8 .5  2 S ( .S  1
10 3 2 7 5 .5 3 0 0 .0 .0 83 3 3 5 (  0 2 4 1 .5  1
11 3 2 7 5 .5 4 0 0 .0 .0 8 7 .3  3 5 8 .5  2 3 1 .3  1
12 3 2 7 5 .5 4 4 0 .9 .9 3 0 .5  3 (3  8 3 1 3 .3  1
5HOTPOXNT AND GBOPHONB INPUT DATA
S p r e a d  2 ,  3 S h o e p o i n t i , 12 G e o p h o a e s . X 'S h i f e  * f i.fi . X - T r u .  .
SP K ie v X -L o e Y -L ee D e p th  U p h o le  T  fu d g e  T End SP
d  3 2 7 9 .5 4 ( 0 . 0 0 1 .5 .0 .0  0
e  3 2 7 5 .S ( # 0  0 1 0 .0 .0 .0 .0  0
t  3 2 7 4 .0 9 4 0 .0 .9 1 .5 .0 .0  0
A r r i v a l  T im e s  •  f u d g e  T a n d  L a y e r s  r e p r e a e o c e d
G ee K ie v x -L o e Y -L oe SP d SP s SP f
«_>. mmmtur - • - T - - - L  - - • T - - - L - - T  — t
1 3 2 7 5 .5 4 8 0 . Q . 0 1 1 .0  1 7 1 .0  2 l l l . O  3
3  3 2 7 9 .5 5 2 0 ,0 .0 2 7 .5  1 ( 7 . 3  2 1 0 1 .8  3
3 3 2 7 5  5 5 ( 0 . 0 . 0 45 5 1 5 8 .8  2 1 0 4 .5  3
4 3 2 7 5  5 ( 0 0 . 0 .0 S i . 5 1 3 9 .8  1 9 8 .5  2
RUN DATE AMD S -3 « * l9 9 )  A t  U - ’. i
0 m c  # Q v « r r i d t  V # :  q # # S p e c i a l  C o r ie re l  P a ra m e te ra  
T ra c e  O f f  L
50 1 0 .3
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5 3 2 t S . s 4 4 0 .0 .0 4 7 .0  1 2 5 . •  1 9 3 .5  2
C 3 2 7 S .S 1 4 0 .0 .0 7 5 .1  3 9 .3  1 •9  4 2
7 3 2 7 5 .S 7 3 0 .0 .0 •  0 .5  3 3 4 .0  1 •  3 4 2
9 3 2 7 5 .S 7 4 0 .0 .0 •  7 .1  3 40 5 1 44 4 2
f 3 2 7 5 .5 1 0 0 .0 .0 9 3 . •  3 54 5 1 5 4 .1  1
10 3 2 7 5 .5 4 4 0 .0 .0 97 •  3 4 7 . S I 4 4 .3  1
11 3 2 7 5 .5 8 7 9 .4 7 .0 1 0 3 .1  3 7 5 .0  2 1 1 .0  1
13 3 2 7 5 .5 5 1 8 .0 1 9 .9 1 0 4 .5  3 •  5 .9  3 1 4 .5  1
SHOTFOZHT AMD SEOPHOMC INPUT DATA
S p r e a d  3 S h o c p o i n r a ,  13 G e o p h o n e e , X S h i f t  > 0 0 , X *True
SP B le v X -L o e Y "L ee D e p th  U p h o le  T  P udge T £n d
9 3 2 7 5 .5 9 4 0 .0 .0 1 .5 .0 .0  0
h 1 3 7 5 .5 1 1 4 0 .0 1 0 .0 .0 .0 .0  0
I 3 3 7 4 .0 1 4 4 0 .0 .0 1 .5 .0 .0  0
A r r i v a l  T im e#  * P u d g #  T  a n d  L a y e r#  r e p r e s e n e e d
Geo B le v X -L oe Y-LOC SP g SP h SP ;
— T -----L — f -----L —  T— L
1 3 2 7 5 .5 9 4 0 .0 .0 1 9 .3  1 7 9 .3  1 1 3 0 .5 3
2 3 2 7 5 .5 1 0 0 0 .0 .0 3 3 .5  1 4 5 .3  1 1 1 8 .3 3
3 3 2 7 5 .5 1 0 4 0 .0 .0 44 3 1 5 4 .0  1 1 1 4 .3 3
4 3 2 7 5 .5 1 0 8 0 .0 .0 54 5 1 40 •  1 104 .8 3
5 3 2 7 5 .5 1 1 3 0 .0 .0 4 8 .8  1 3 0 .0  1 1 0 1 .3 3
4 3 2 7 5 .5 1 1 4 0 .0 .0 8 0 .3  1 1 8 .0  1 9 7 .8 3
7 3 2 7 5 .5 1 2 0 0 .0 .0 9 0 .3  1 1 4 .8  1 • 4 . 8 1
• 3 2 7 5 .5 1 3 4 0 .0 .0 9 9 .4  1 3 2 .0  I 7 4 .3 1
9 3 3 7 5 .5 1 2 8 0 .0 .0 1 0 7 .0  2 44 8 1 59 5 1
10 3 2 7 5 .5 1 3 2 0 .3 .0 1 1 4 .5  3 59 '0 1 4 9 .9 :
11 3 2 7 5 .5 1 3 4 0 .0 .0 1 1 7 .3  3 7 0 .3  1 3 4 .3 1
12 1 2 7 5 .5 1 3 4 8 .3 28  3 1 1 9 .5  3 8 0 .3  1 3 0 .3 I
S a m p le  d a c e  s e c  f o r  u # o  i n  t h #  p ro g r a m  SEISM IC.
S p r e a d  1 P e in e # o f  e m e rg e n c e o f  r e f r a c t e d c a y #  b e lo w
SP a SP b SP e
X -L ee .0 1 1 2 .1  3 3 1 .9  3
B le v .0 3 2 4 1 .8 3 1 9 7 .9
X -L oc .0 1 5 4 .0  2 5 7 .0  3
B le v .0 3 2 4 3 .2 3 1 8 9 .7
X -L o e .0 I .0  1 1 5 4 .0  3
S la v .0 .0 3 1 7 3 .4
x - L e c .0 1 .0  1 1 3 1 .5  3
B le v .0 .0 3 2 4 4 .7
X -L c e 1 4 8 .2 2 .0  1 149 9 3
B le v 3 3 4 4 .4 .0 3 3 4 4 .1
x - L e e 1 4 5 .8 2 .0  1 2 1 4 .1  3
B le v 3 3 4 3 .2 .0 3 2 4 3 .2
X -L e c 3 3 0 .0 3 .0  1 3 5 3 .7  3
B le v 3 3 4 4 .0 .0 3 3 4 5 .4
X -L o c 3 7 1 .4 3 .0  1 2 9 3 .1  3
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t l e v 1 2 4 8 .8 .0 3247 9
9 X -L o e 3 1 1 .7 2 3 1 1 .7  2 .0 I
S la v 1 2 4 9 .9 3 2 4 9 .0 .0
10 X-LOC 3 2 9 .4 1 3 4 9 .7  2 .0 1
S la v 3 1 5 8 .3 3 2 4 9 .8 .0
11 x « L o e 2 9 9 .8 3 3 8 7 .4  2 .9 1
S la v 3 1 4 5 .9 3 2 4 7 .8 .0
13 X -L o c 4 0 3 .3 3 4 1 8 .2  3 .0 1
S la v 3 1 7 9 .1 3 2 1 5 .4 .0
S p r e a d  1 P o in t # Of e n t r y  o f r e f r a c t e d  r a y a b e l o v  e o u r c a
L>3 R ig h t X -L o c - 7 . 8 2 1 4 .1 .0
B le v 3 2 4 1 .9 3 2 4 3 .2 .0
L .2  L e g e X -L oc .0 1 8 5 .8 4 4 2 .8
B le v .0 3 2 4 3 .2 3 2 1 8 .8
L- 1  m ig h t X -L e c 1 8 .3 2 1 7 .1 .0
B le v 3 1 9 1 .8 3 2 1 5 .1 .9
L«3 L e f t X -L oc .0 .9 4 0 3 .9
S la v .0 .0 3 1 7 7 .9
S a m p le  d a t a M t  f o r  u a e  ; n  t h e p ro g r a m  SSZSMZC.
S p r e a d  2 P o i n t . o f  e m a r g e a e . t o f  r e f r a c t e d r a y a  b e l o v  : a i
Geo SP d SP a SP f
1 X -L oe .0 1 5 0 3 .9  2 5 0 7 .5 3
S la v .0 3 2 2 3 .5 3 1 7 0 .8
2 X -L oc .0 I 5 4 2 .5  3 5 8 8 .0 3
S la v .0 3 2 2 4 .1 3 1 5 9 .1
a X -L o c .0 1 5 7 8 .5  2 8 0 6 .2 3
S la v .0 3 2 2 5 .1 3 1 5 8 .2
4 X -L oe .0 I .0  1 8 1 9 .7 2
S la v .0 .0 3 2 2 4 .3
s X -L oc .0 1 .8  1 8 8 4 .9 2
S la v .0 0 3 2 2 7 .5
< X -L oc 8 8 8 .3 3 .0  1 8 9 5 .9 3
S la v 3 2 2 7 .9 .0 3 228 8
7 X -L oe 7 0 0 .9 3 .9  1 7 3 9 .4 2
S la v 3 2 2 8 .7 .0 3 2 2 8 .7
8 X -L oe 7 4 4 .2 2 .0  1 7 7 7 .2 2
S la v 3 2 3 1 .1 .0 3 3 2 9 .3
9 x - L e e 7 8 3 .8 3 .0  1 .0 1
S la v 3 2 2 9 .3 .0 .9
10 X - lc e 8 0 4 .4 2 .0  1 .9 1
S la v 3 2 2 8 .0 .0 .0
11 X -L oe 7 9 8 .3 3 8 3 5 .9  2 .0 1
S la v 3 1 4 8 .4 3 2 1 8 .7 .0
13 X -L oc 832 4 3 9 0 8 .1  2 .0 1
S la v 3 1 4 4 .7 3 2 1 7 .7 .0
S p r e a d  3 P o in t # o f  e n t r y  o f r e f r a c t e d  r a y # b a l e #  a o u r e a
L»2 R ig h t X-LOC 4 58  9 8 95  * .0
S l a v 3 2 2 1 .8 3 2 3 8 .8 .0
L "3  L # f t X -L e c .0 8 8 8 .3 9 1 8 .4
S la v .0 3 2 2 ?  P 3 2 1 5 .3
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f i t f h c X -L ee 4 1 7 .4 .0 .0
S la v 3 1 1 3 .0 .0 . 0
U U X‘ U»e .0 .0 • 4 4 .1
S la v .0 .0 3 1 2 0 .5
• a c  f o r  u a a  i n  t h a  p r o c r é a 1 SEISM IC.
Spr«4i(t 3 P e i n t e o f  a m a r p a a e a  o f r e f r a c t e d r a y e  b e l e v  t a r g e t  g e o p n o n a a :
Q#o SP 9 SP h SP 1
— .................L - .............. L
I X -L e c .0  1 .0  1 1 0 1 0 .3  3
S la v .0 .0 3 1 0 6 .4
i X -L ee .0  1 .0  1 1 0 6 0 .0  3
S la v .0 .0 3 0 9 0 .2
i X -L oc .0  1 .0  1 1105 3 3
S la v .0 .0 3 0 9 2 .3
4 X -L ec .0  1 .0  1 1 2 2 7 .0  3
S la v .0 .0 3 1 2 9 .0
S X -L oe .0  1 .0  1 1 2 3 3 .0  3
S la v .0 .0 3 1 3 2 .6
« X -L oe . 0  I .0  1 1 2 6 5 .4  3
S la v .0 .0 3 1 3 4 .1
T X -L o c .0  1 .0  1 .9  I
S l a v .0 .0 .0
• x-tec . 0  I .0  1 .0  1
S la v .0 .9 .0
» X-LOC 1 2 5 7 .2  2 .0  1 . 0  1
S la v 3 2 1 4 .1 .0 .0
10 X -L o e 1 2 7 0 .4  3 .0  1 .0  1
S la v 3 1 3 5 .S .0 .0
XX X -L o e 1 3 2 1 .4  3 .0  1 .0  1
S la v 3 1 4 1 .5 .0 .0
12 X -L oe 13S1 0  3 .0  1 .0  1
S la v 3 1 4 5 .S .0 .0
S p r e a d  1 P e i a t a o f  e n t r y  o f  r e f r a c t e d  r a y a b a le w  e e u r c e  e h e c p e in c is
L«2 X ip h e X -L oc 9 6 2 .0 .0 .0
S la v 3 2 1 5 .2 .0 . 9
L«2 L a fe X-LOC .0 .0 1 4 1 0 .2
S la v .0 .0 3 2 1 4 .6
R if h c x -L o e 9*4 5 .0 .0
S la v 3 1 X 2 .$ .0 .0
L»3 X-LOC .0 .0 1 4 1 5 .0
S la v .0 .0 3 1 6 5 .6
S am p le  d a e a e a t  f o r  u a a l a  t h e  p ro g r a m SEISM IC.
S p r e a d  1 D e p th  a n d S la v  o f  l a y a r a  d i r e c t l y  b e n e a t h  5 P a  a n d  G aoa:
L a y e r  2 I ^ y a r  3
SP  X 'L o c  S l a v D e p th  S l a v  D e p th S la v
• - -  - • “ -  » - - - - - - - - - - -  - - - - - . . . . . —
a  -2 0 .0  ] 2 ? S  S 33 * 3 2 4 1 .6  0 3 .7 3 1 9 1 .0
b  200 .0  3 2 7 5 .S 3 2 .3  3 2 4 3 . 2 9 4 .0 3 1 0 1 .5
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4 5 0 .0 33 5 9 5 1 .3 3 3 2 4 .2 93 1 3 1 9 2 .4
.0 3 3 7 5 .5 3 3 .7 3 3 4 1 .9 9 0 .4 3 1 9 9 .1
4 0 .0 3 3 7 5 .5 3 3 .4 3 2 4 2 .1 9 3 .1 3 1 9 2 .4
• 0 . 0 3 2 7 5 .9 3 3 .3 3 2 4 3 .2 99 5 3 1 9 9 .9
1 2 0 .0 3 2 7 5 .5 3 1 .2 3 3 4 4 .3 9 5 .1 3 1 7 9 .4
1 5 0 .0 3 2 7 5 .5 3 1 2 3 2 4 4 .3 1 0 1 .2 3 1 7 4 .3
3 0 0 .0 3 3 7 5 .5 3 2 .3 3 2 4 3 .2 9 4 .0 3 1 9 1 .5
2 4 0 .0 3 2 7 5 .5 3 0 .9 3 2 4 4 .5 99 9 3 1 7 7 .0
3 9 0 .0 3 3 7 5 .5 29 3 3 3 4 7 .2 1 1 9 .4 3 1 5 5 .1
3 2 0 .0 3 2 7 5 .9 25 4 3 2 4 9 .1 U l . l 3 1 5 4 .4
3 5 0 .0 3 2 7 5 .S 2 5 .4 3 3 4 9 .1 1 0 4 .5 3 1 7 1 .0
4 0 0 .0 3275 9 3 3 .3 3 2 4 3 .2 97 9 3 1 9 7 .5
4 4 0 .0 3 3 7 5 .9 5 1 .0 3 2 2 4 .5 9 9 .5 3 1 9 5 .0
S am y l#  d « e a  # * c  f o r  u # *  i n  c h #  p r o g r # *  SEISM IC
S p r e a d  2 O a p ch  a n d  S l a v  o f  l a y a r a  d i r a e e l y  b a n a a e h  SP# a n d  d a o a i
S u r f a e a L a y a r  2 L a y a r  1
SP X -L oe S la v D e p th E la v D e p th B le v
d 4 5 0 .0 3 2 7 5 .5 9 9 .» 3 2 1 5 .5 9 0 .4 3 1 9 5 .1
5 9 0 .0 3 2 7 5 .5 4 7 .3 3 3 2 1 .3 1 2 1 .9 3 1 5 3 .7
f 9 4 0 .0 3 2 7 4 .0 9 9 ? 3 3 1 5 .3 1 5 6 .4 3 1 1 7 .6
G ao
1 4 9 0 .0 3 2 7 5 .5 5 1 .7 3 2 2 3 .1 9 6 .9 3 1 7 9 .7
2 9 2 0 .0 3 3 7 9 .9 5 3 .1 3 3 3 3 .2 1 0 4 .3 3 1 7 1 .2
3 5 5 0 .0 3 2 7 5 .5 S O .5 3 2 2 5 .0 1 1 1 .9 3163 6
4 6 0 0 .0 3 2 7 5 .5 5 1 .0 3 2 2 4 .5 1 1 7 .1 3 1 5 9 .4
5 5 4 0 .0 3 3 7 9 .5 4 9 .1 3 2 2 6 .4 1 1 9 .4 3 1 5 6 .1
C 6 9 0 .0 3 3 7 5 .9 4 7 .3 3 2 2 9 .2 1 2 1 .9 3 1 5 3 .7
7 7 2 0 .0 3 2 7 5 .5 4 6 .9 3 2 2 9 .7 1 2 4 .3 3 1 5 1 .2
• 7 6 0 .0 3 3 7 5 .S 46 4 3 3 2 9 .1 1 2 6 .7 3 1 4 9 .9
» 9 0 0 .0 3 3 7 9 .5 49 4 3 3 3 7 .1 1 3 9 .3 3 1 4 6 .3
10 9 4 0 .0 3 3 7 9 .5 55 » 3 2 1 9 .6 1 3 9 .3 3 1 3 6 .3
11 9 7 9 .4 3 3 7 9 .5 59 0 3 2 1 7 ,5 1 4 7 .0 3 1 2 9 .5
12 9 1 9 .0 3 3 7 5 .5 5 9 .0 3 2 1 6 .9 1 5 4 .7 3 1 2 0 .9
S a o p la  d a c a  a a e  f o r  u s a  l a  c b a  p ro g r a m  SEISM IC.
S p r e a d  1 O a p cb  a a d  S l a v  o f  l a y e r #  d i r e c t l y  b a n a a c h  SP# an d  O a o i:
SP X -L oc S l a v
L a y a r  2 
D e p th  S la v
L a y a r  3 





9 4 0 .B 3 2 7 5 .S 
l i a o . o  3 2 7 5 .S 
1 4 4 0 .0  3 2 7 4 .0
5*4 
t o . I
3215 * 
3 2 1 4 .»
9 9 .4  3 2 1 4 .d
1 9 9 .1  3115 4
1 7 5 .3  3 0 9 9 .2
1 0 9 .4  3 1 5 9 .5
1 9 5 0 .3  3 2 7 9 .5
2 1 0 0 0 .0  3 2 7 5 .5
3 1 0 4 0 .0  3 2 7 5 .5
5 0 .3  3 3 1 9  3
< 0 .3  3 3 1 5 .2
5 0 .4  3 3 1 5 .1
1 5 0 .9  3 1 1 4 .6
1 5 5 .7  3 1 0 5 .9
1 7 2 .5  3 1 0 3 .0
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4 1 0 6 0 .0 3275 S 6 0 .4 3 2 1 5 .1 1 7 7 .9
5 1 1 3 0 .0 3 3 7 5 .5 6 0 .5 3 2 1 5 .0 1 7 9 .9
6 1 1 6 0 .6 3 2 7 5 .5 60  5 3 2 1 5 .0 1 6 3 .0
J 1 3 0 0 .0 3 2 7 5 .5 6 0 .6 3 2 1 4 .9 1 7 0 .7
6 1 3 4 0 .0 3 2 7 5 .5 6 0 . 7 3 2 1 4 .6 1 4 9 .4
9 1 3 6 0 .0 3 3 7 5 .5 6 0 .7 3 3 1 4 .6 1 3 6 .9
10 1 3 2 0 .3 3 2 7 5 .5 6 0 .6 3 2 1 4 .7 1 3 3 .7
11 1 3 6 0 .0 3 2 7 5 .5 6 0 .6 3 2 1 4 .7 1 3 6 .6
13 1366 3 3 2 7 5 .5 6 0 .9 3 2 1 4 .6 1 1 6 .1
V e io e i c l e #  u # # d . S p r e a d  I  
L a y e r  I
V e r c l c a J ,  3 1 S I .  
H o c ls o n c a i
6 1 4 2 .
6142
L a y e r  3
V e l g « l c i e s  u a e d «  S p r e a d  2 
L a y e r  1
v e r e t c a l  2 i s s .  
H e r l s e o c a l
L a y e r  3
6 1 4 3 .
6 1 4 3 .
V e lo e x e l e a  u a e d .  S p r e a d  I
L a y e r  1
V e r t i c a l  2 156  
H o r i s o n c a l
L a y e r  3
6142 . 
6 1 4 2 .
L a y e r  3
S am p le  d a c a  s e c  £oc u s e  l a  t h e  p ro g r a m  SEISM IC.
B l e v a c i o a  ( C e e c t
26 0 0  2 6 5 0  2 9 0 0  395 0  300 0  3050 3100 3150




1 3 0 .0
1 6 0 .0
3 0 0 .0
2 4 0 .0
2 6 0 .0
3 2 0 .0
3 6 0 .0  ■
4 0 0 .0  '
b
b
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4 4 0 .0  *
4 $ 0 . 0  *  
4 t 0 . 0  •
5 3 0 .0  •  
5 C 0 .0  *
$ 4 0 .0  * 
$ 0 0 . 0  *
7 3 0 .0  * 
7 $ 0 .0  « 
• 0 0 . 0  *
8 4 0 .0  ♦  
• 7 9 . 4  «
9 1 $ .0  *
9 4 0 .0  ♦ 
9 $ 0 .0  *
1 0 0 0 . 0  *  
: 0 4 0 . 0  *
1 0 8 0 .0  *
1 1 3 0 .0  ♦ 
l l $ 0 . 0  «
1 1 8 0 .0  *
1 3 0 0 .0  *
1 2 4 0 .0  *
1 3 8 0 .0  *
1 3 3 0 .3  ♦
1 3 8 0 .0  *





6 l « v « t i 9 A  [ f e e s ;
G p  
5 •  r
P 9  •
PRINTER PLOT SCALES
E lo v :  S . 00 C e /e o l
0 1 8 C : 3 0 .0 0  t t / x w
» CeopAoD# L o c a t io n
•  S b e tp o in e  L o c a t io n
A.a.C BMcgant R ay ; S o u r c a  SP A . S . C . . . .  
?  Q u c iC io n aJB lo  E n o rg a a c  R ay 
a  R ay E n c r y p o ln c  B a a a a tb  SP 
8 K o ra  T han  On# S ym bol t o  P l o t  War#
* a r i d  N arJt
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Seismic Line 2 Data
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
109
J i m  v - 4 .0  s i i w i c  w ru A c rro if  ; v t t i i h u c » t i g i i  p r o c w m  *iM%oc% s i o o k y s ic s , i n c .
DATA f%L%: h . d M  ORI*T f l U ;  hi.O U C
T IT L I:  S * ^ l «  d * c #  m et f o r  w e# l a  t h #  p ro g r a m  SSXSMIC.
HUM OATC AMD T IM t: l '4 9 - 1 9 9 3  At i l
OaoCRAM CDNTROL DATA P r l a t o r  P lo t  S e a l# #  O a t  a m  O v e r r i d e  V a l u e #  S p e c i a l  C s n t r o l  ?«rA *neceri
A le v  H o c iK  T im e  P o l a t  I  f e l a t  I  E g u a t i o n  T r i c e  i t :  L
S p r d a  E x i t  L a y * ta  V *O v#r f t / e e l  f t / r o w  m # /c o l  E la v  X Loc B le v  X -b e c  S lo p e  l o t c p t  OLim T L ia  ? r ; s t  i ?  D ip
a # 4 0 9 .0  1 0 .0  2 .0 .0  .1
SNOTSOtirT AMD GEOPHOM* INPUT DATA
S p r e a d  I ,  3 S b c tp e i f ic # 1. 12 G e ^ h o n e e .  X - S h i f t  -  0 .0 . x - t r u e  •  0
SP S la v %'LOC Y -L ee D e p th  U p h o le  T  P u d g e  T  B ad SP
a 9 2 7 3 .1 - 2 0 .0 .0 1 .9 .0 .0  9
a 924# S 2 0 0 .0 1 0 .0 .0 .0 .0  3
c 3243 « 4 4 0 .0 .0 1 .9 .0 .0  3
A r r i v a l  T im e#  *  P u d g e  T a a d  L a y e ra  r ^ r e e e n c e d
Geo l l e v X -L oe Y -L ee SP a SP  b SP e
---- T----- L - - - T - - - L ■ - •T - - - L
1 3 2 7 2 .7 .0 .0 13 9 1 # 3  9 3 1 1 4 .3  «
2 3 2 7 1 .S 4 0 .0 .0 3 0 .9  3 7 0 .0  2 1 1 1 .3  4
3 3 2 7 1 .2 # 0 .0 .0 92 *  3 59 # 2 1 0 7 .0  «
4 3 2 7 0 .4 1 2 0 .0 .0 # 4 .0  2 4 2 .0  2 1 0 1 .3  4
s 3 2# *  # 1 4 0 .0 .0 7 7 .0  3 2 9 .1  2 9 # .0  3
( 32# #  1 3 0 0 .0 .0 9 7 .0  3 # 3  I 9 2 .9  3
T 3 2# #  1 2 4 0 .0 .0 *3 .3  3 29 3 I • 9 . 3  1
» 3 2 S 7 .3 2 4 0  0 .0 « I . S  3 4 2 .9  2 « 0 .3  3
9 32# #  9 3 2 0 .0 .0 1 0 2 .3  « 9 5 .0  2 7 2 .3  2
10 32#* # 3 4 0 .0 .0 1 0 9 .0  « 7 0 .3  2 44 9  2
11 32#* 0 4 0 0 .0 .0 1 0 0 .9  4 #3 3 3 32 #  2
12 32#4 2 4 4 0 .0 .0 111 3 4 9 0 .3  1 1 C .3  1
S H O T P O irr AMD SEOPMOHI INPUT DATA
s p r e a d  2 ,  3 S h e c p o ia e a « 12 Q eoptaem ae. X- S h i f t  «  0 . 0 , X -T ru e  •  0
SP S le w % W e Y -L ee D e p th  o p b e l e  T  P udge T Xnd SP
d 3 2 # 3  # 4 ( 0 . 0 .0 1 .9 0 .0  3
l a c o . s 7 2 0 .0 1 0 .0 0 .0 . 0  a
c 3 2 9 * . • « 4 0 .0 .0 1 .9 .0 . 0  a
A r r i v a l  T im e# *  P u d g e  T a n d  U y e r a  r e p r e a e o t e d
O eo l l e v x -L o e Y -L e e SP d S P  e SP £
- • • T - - - L - - - T - - - L  • - - T - - - L
1 32 C 3 .S 4 4 0 .0 .0 I S . 9 1 7 0 .9  3 1 0 1 .3  4
2 3 2 C 3 .0 5 3 0 .# .0 3 4 .#  2 #2 9 3 1 0 9 .0  4
3 32# 2  * 9 4 0 .0 .0 9 0  0  a « 9 .9  3 « « .9  3
4 32 # 1  * 4 0 0 .0 . 0 ( I . S  1 3 7 .S 2 « 9 .3  3
.0  .3 0 0 0  .0  .9 0  1 0 .a
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« 1 3 C 1 .4 # 4 0 .0 .0 7 1 .0 1 2 3 .0 2 #0  9
c } 2 C 9 i < 1 0 .0 .0 75 5 3 n o 1 # 0 .3
? 3 3 1 0 .1 7 2 0 .0 .0 1 0 .3 3 2 1 .1 2 7 5 .0
1 3 3 5 9 .1 **<0.0 .0 # 4 .9 3 3 9 .1 2 <9 5
f 3 3 5 9 .3 9 0 0 .0 .0 9 1 .5 3 4# 5 2 # 2 #
10 3 3 S I .7 #40 0 .0 9 9 .1 4 5 9 .1 3 49 3
u 325# i • • 0  0 .0 1 0 1 .9 4 # 7 . 5 3 3 3 #
\ 2 329 7  < 9 2 0 .0 .0 1 0 2 .0 4 7 5 .0 3 # 9
g & « p i#  d a t a  l a t  f o r  u a a  i a  t a #  p r o g r a a  SCXSMXC.
S p r e a d  l o f  e m a rg a n e a e f  r e f r a c t e d r a y a  b a l e *  t a r g e t  g e o p h e a a a
o a o SP a SP b SP e
— .................L .................L
1 X -L ee .0  1 29 # 3 37 9 4
S la v .0 3 2 0 4 .2 3 1 1 1 .3
2 x - L e e 2 1 .1  3 52 4 2 7 1 .4  4
S la v 3 2 5 4 .9 3 2 9 9 .3 3 1 0 7 .4
3 x - L e c <9 0 2 9 1 .3  2 139 # 4
S la v 3 2 5 5 .3 3 2 5 9 .3 3 1 0 1 .9
4 X -L oc 1 0 9 .2  2 1 3 1 .2  2 I t S .O  4
C le v 3 259  2 3 2 9 5 .C 3 1 0 2 .9
5 X -L oe 1 2 4 .4  3 #9  5 2 1»9 4 3
S la v 3 2 1 1 .2 325 #  3 3 2 0 0 .4
C X -L oe #4 2 3 .0  1 2 29  # 3
S la v 3 2 0 2 .1 .0 3 1 9 7 .0
7 X -L ee 2 0 9 .2  3 0  1 2 S 9 .4  3
S la v 3 2 0 2 .3 .0 319 #  #
• X -L oe 2 4 4 .7  3 2 #9  3 2 3 0 7 .3  3
S la v 3 2 0 3 .2 3 2 5 3 .5 3 1 9 2 .9
9 X -L ee 2 #3  0 4 3 0 ( .S  2 32# # 2
S la v 3 1 1 7 .0 3 2 5 1 .2 3 2 4 9 .4
10 X -L ee 3 0 3 .0  4 3 3 1 .4  2 3 7 9 .1  2
S la v 3 1 1 # .0 3 24#  5 3 2 4 3 .4
11 X -L oc 3 4 9 .2  4 3 7 2 .2  1 4 1 7 .7  2
S la v 3 1 1 2 .4 3 1 9 7 .2 3 2 4 7 .2
12 X -L oc 3 7 # .#  4 4 1 9 .2  3 .0  I
S l a v 3 1 0 3 .3 3 1 9 5 .9 .0
S p r e a d  1 P e i a t a O f a a e x y  e f  r e f r a c t e d  r a y a b a l e #  e e u r c e  m h e c p e ia ta :
L«2 a i g b t X -L ee # 4 2 0 9 .3 .0
E la v 3 2 9 1 .9 3259 3 .0
L*2 L e f t X -L oc .0 1 9 0 .3 4 5 2 .0
S la v .0 3255 # 3 2 9 4 .0
Lm3 Ki«ae % l a c # 1 2 2 7 .2 .0
S la v 3 2 0 9 .1 3 2 0 2 .1 .0
L -3  L e f t X -L ec .0 1#5 0 4 4 3 .9
E la v .0 3 2 0 4 .0 3 1 9 9 .0
L>4 migat X -L ee 1 7 .9 .0 .0
S la v 3 1 3 2 .3 .0 .0
L#4 L e f t x -L e c .0 .0 3 9 2 .4
S la v .0 .0 3 0 9 3 .9
S a « (p le  d a t a e a t  f o r  u a a l a  t h e  p r e s e t l a  SIXSNXC.
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S p r t t t d  i  P o & n ct o f  o # # fg « m o #  o f  r o C r a c c t d  r t y o  b o io w  t o r f o e  3 « e p h o a « o :
a « o S P  d SP 0 SP f
1 X *Lec .9 5 07  4 3 5 9 1 .3  4
B lo v .0 3 3 3 4 .3 3 0 5 3 .1
z X -L oe S O S .9 5 3 7 .0  3 4 4 1 .4  4
e i o v 3 3 4 7 . J 3 3 3 0 .4 304 1  3
3 % -Loc 5 4 7 .3 5 4 4 .2  3 5 3 4 3
S la v 3 2 4 0 .0 3 3 4 1 . I 3 2 2 5 .4
4 X -L ee 5 7 7 .1 4 1 3 .1  a 4 1 5 .4  1
S lo v 3 2 1 4 .5 3 2 4 4 .4  ? 3 3 3 0 .7
S X -L o e 4 15  4 4 S I . »  2 4 54  » 3
S lo v 3 3 1 1 .4 3 2 4 3 .4  ? 3 2 2 0 .3
« X -L ee 4 5 9 .1 .0  1 4 9 5 .5  3
S lo v 3 3 1 4 .2 .0 3 3 3 3 .7
? X -L o e 7 0 1 .3 7 3 3 .2  2 7 3 2 .1  3
S lo v 3 3 1 4  4 3 3 4 1 .4 3 2 1 9 .9
• X -L o e 7 3 4 .3 7 41  4  2 7 7 2 .4  3
S lo v 3 2 1 » . i 3 2 4 1 .5 3 3 1 5 .3
» X -L o c 7 7 3 .1 7 4 4 .7  3 4 1 3 .1  2
S lo v 3 3 1 3 .3 1 2 4 1 .4 3 2 4 1 .2
10 X -L oc 4 23  4 4 0 4 .»  3 4 5 3 .0  2
B lo v 3 1 4 1 .4 3 3 0 4 .4 3 2 4 0 .7
11 X -L e c 4 7 4  4 4 4 9 .3  3 4 9 3 .2  3
B lo v 3 1 4 3 .3 3 3 0 1 .» 3 2 4 1 .4
13 X -L oc 9 0 » .» 3 1 7 .0  3 .0  1
B lo v 3 1 7 1 .0 3 1 9 4 .3 .0
S prom d 3 P o t a t o O f o n e r y O f r o f r o c t o d  r o y o  b o le w  o o u rc o
1 -3  R ig h c X -L o c 4 4 4 . 0 7 3 3 .4 .0
S lo v 3 2 5 4  3 3 2 4 1 .4 .0
L -2  L o fe X -L oe 0 7 0 5 .5 9 3 0 .4
e i o v .3 3 2 4 2 .4 3 2 4 2 .2
L -3  A lg& e x -L e e 5 0 1 .9 7 3 3 .3 .0
E io v 3 3 0 9 .9 3 3 1 7 .4 .0
L -3  L o fe X-LOC .0 7 0 1 .4 9 0 4 .5
E io v .9 3 2 3 1 .5 3 1 9 9 .3
L>« RigAC X -L oe 5 2 1 .7 .0 .0
E io v 3 0 4 1 .3 .0 .0
L -4  L o fe X-LOC .0 .0 9 3 4 .7
B lo v .0 .0 3 1 5 5 .1
S o i ^ l o  d o c o l o t  f o r  u o * i a  t h e  p ro g r o m  SEISM IC
S p ro o d  1 D o p tb  a n d S lo v  o f lo y o r a  d i r o e t l y b o n o a e h  SPa a n d
L o y o r  Z U y t r  ) U y o r  «
SP X -L e e B lo v D o p th B lo v O opeh B lo v O o p ta B lo v
a « » - - - . . . . . . . . . . . . . . . . . . . . .
a '2 0 . 0 1 3 7 3 .1 1 9 .2 3 3 5 3 .9 4 7 .0 1 3 0 4 .1 1 4 0 .4 3 1 3 2 .3
b 3 0 0 .0 3 3 4 4 .5 1 3 .0 3 3 5 5 .5 4 4 .4 3 3 0 1 .» 1 4 1 .5 3 1 0 7 .0
e
Goo
4 5 9 .9 3 3 4 3 .4 9 .3 3 3 5 4 .5 5 4 .0 3 3 0 7 .4 1 7 7 .7 3 0 4 4 .1
1 .0 3 3 7 3 .7 1 1 .4 3 3 5 4 .1 4 4 .4 3 3 0 4 .1 1 4 4 .4 3 1 0 4 .1
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a 40 # 1 2 7 1 .9 f . l  3 2 5 9 .1 ( 9 . 9 3 3 0 ( 4 0  3 1 0 7 .9
1 10.0 1 2 7 1 .2 9 9  1 2 9 9 .1 0 2  9 1 2 0 0 .7 (  3 1 0 9 .(
4 1 2 0 .0 1 2 7 0 .4 9 0 1 2 9 5 .4 9 9 .4 1 3 1 1 .0 4 3 1 0 4 .0
S 1 4 0 .0 1 2 ( 9 . f 3 .9  1 2 9 0 .1 *4 9 1 3 0 4 .7 2 3 1 0 3 .4
C 2 0 0 .0 1 2 ( 0 # 1 1  1 2 9 9 .9 ( 0  9 3 3 0 1 .9 0 3 1 0 7 .0
7 2 ( 0 .0 1 2 ( 0  1 4 . 0  1294 1 ( 0 . 7 319 9  4 9 1 1 1 1 .0
•  2 7 f .9 1 2 ( 7 .1 4 . 7  1 2 5 2 .C 7 0 .1 1 1 9 7 .3 2 3 1 1 4 .1
9 1 1 9 .9 1 2 ( 0 .1 7 .4  1 2 4 9 .1 7 0 .9 1 1 9 5 .0 0  1112 5
0 1 9 9 .9 3 2 ( 9 .0 0 .9  1 2 4 9 .1 7 0 .1 3 1 9 9 .9 a 3105.0
1 1 9 9 .9 3 2 ( 9  0 9 0 1 245  0 ( 7 . 7 1 1 9 7 .2 2 3 0 9 7 .0
2 « 1 9 .9 3 2 ( 4 .2 2 0 1 2 9 1 .0 0 0 .4 3 3 0 1 .0 2 3 0 9 0 .0
d a t é  « t e  f e r  u « «  i a  c h a  p r o g r a m  StxSM ZC.
Spram A  2  O a p th  a b 4  f l a v  q f  l a y a r a  d i r a e e l y  b a a a a e H  9 P«
S u r f a e a  L a y a r  2  L a y a r  1 L a y a r  4
59 K -L ac l l a v O tp c h l l a v D apeh . l l a v D e p th l l a v
d 4 9 9 .9 3 3 0 1 .0 9  1 1 2 5 4 .7 9 4 .7 1 2 0 7 .1 1 7 7 .7 3 0 1 0 .1
a 7 1 9 .9 1 3 ( 0  ( 1 0 .9 3 3 4 2 .1 4 0 .7 3 2 1 9 .9 1 7 0 .0 3 0 9 0 .0
f 9 1 9 .0 1 2 9 9 .0 1 1 .9 1 3 4 1 .9 9 4  9 2 1 9 9 .2 1 0 0 .7 1 1 9 9 .1
S e a
1 4 7 9 .9 1 2 0 3 .0 11 0 3 2 9 3 .0 91  0 2 2 1 1 .0 1 0 1 .4 3 0 0 3 .2
2 9 1 9 .9 3 2 ( 1 . 0 1 0 .0 3 3 4 7 .0 4 2 .3 1 2 1 9 .7 1 0 0 .0 2 0 7 4 .4
3 9 9 9 .9 3 2 ( 2 . 5 10 0 3 3 4 5 .7 3 0 .0 1 2 2 4 .1 199 9 3 0 ( 4 . I
4 9 9 9 .9 3 2 0 1 .9 1 7 .1 1 2 4 4 .0 1 9 .5 2 3 2 3 .4 2 0 1 .0 3 0 ( 0 .9
9 0 1 9  9 2 2 0 1 .4 1 7 .9 1242 9 4 1 .0 3 3 3 0 .4 3 0 2 .7 3 0 9 0 .7
0 * 7 9 .9 3 2 ( 0 .9 1 7 .9 1 3 4 1 .0 4 1 .0 2 3 1 9 .9 1 9 0 .4 3 0 7 0 .2
7 7 1 9 .9 1 2 ( 0 . 1 1 0 .1 1 2 4 2 .1 4 0 .4 3 2 1 9 .9 1 7 0 .3 3 0 9 0 .0
0 7 9 9 .9 1 2 9 9 .1 1 0 .1 1 241 9 4 4 .9 2 2 1 5 .2 1 9 0 .0 3 1 0 9 .0
9 7 9 9 .9 1 2 9 9 .2 1 7 .9 1 2 4 1 .2 49  0 1 3 0 9 .4 39 ( 3129 (
10 • 1 9 .9 1 2 9 0 .7 17 0 3 3 4 0 .9 9 4 .2 1204 9 1 1 1 .1 3 1 4 7 .(
11 0 9  9 1 2 9 0 .1 1 0 .9 1 2 4 1 .2 5 0 .1 1 2 0 0 .0 9 7 .4 3 1 ( 0 .7
12 9 1 9 .9 1 2 9 7 .0 1 5 .7 3 3 4 1 .9 ( 2 . 0 1 195  0 7 0 .9 3 1 7 9 .1
V a l e c l t l a a  u t a d . , S p r a a d  1
L a y a r  1 L a y e r  2 L a y a r  1 L a y e r  4
....... . . . . .
V a r e i e a l 1 0 7 7 . 2 700 ( 0 1 0
H o r i t o a t a l 2 7 0 0 ( 0 ) 0 . 14307
V a l e e l t l a a  u a a d ,, S p r e a d  2
L a y a r  l L a y e r  2 L a y a r  3 L a y a r  <
.......
v a r c i c a l 1 * 7 7 . 2 700 0 0 2 0 .
M e r i r e a e a l 2 700 ( 0 3 0 . 1 4307
S a i ^ l a  d a t a  a a e  f e r  u a a  i a  t b a  p r e p r a a  tiZ SM Z C .
s
<3 p
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a i e e  j i i o  a^oo  a s so  aooo id so  u o e  ) i s o  3ao« 32so j jo o
4 ) 9 - f  
4 9 9 .9  









3IO d  3«5 0  3 1 0 0  2 fS 0  3 0 0 0  30SO 3100 3 190  3300 335 0  3300
l I o v a c L o B  ( f  #  #  e )
(3 ?
S •  r  
P e t
O l l Z l im  PLOT S O U J tf
S l a v :  9 .0 0  C t / e a l
O iOCi 1 0 .0 0  t X / T c m
» Q a o p o e a o  t o c o e t e a
•  3 h o c p o to c  L o c a c to a
A . I . C  t o o r y t a c  Ray» S o u ro o  3 t  A . l .C .  
7 Q u o o c lo a a Jo io  b # # r g # a t  t o y
•  m ay l a a ty y o L a t  O a a a a th  I P
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•  M or» ThAft On« Sym bol co  P lo t  M ort
•  G rid Kêrk
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Seismic Line 2A Data
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% i m  v - 4 . 0  - - -  s i i s M x c  K s n u c T iû a  i irr t i tF U T A T x c ii  m o c x a m XIKHOCK «OXKYSXCS. INC.
DATA PXLC: M3 DAT PRINT P IL R : H3.0I7T
TXTLC: S a m p i#  4 a c «  ##C f o r  u f «  l a  CA* p ro g r a m  SCXSMXC.
RÜK DATt AMD T IM t; 5 1 » $ ) «c n . H
PROGRAM CONTROL DATA P r t n c t r  P l o t  S c t l M  O a e u s  O v o r r l O o  V a l u # #  S p a c i a l  C s n e r o l  P a r a n a c o r a
l l a v  N o r ia  T im # P o i a t  I  P o l a r  2 e g u a c io a  T r a c t  2 f f  L
S p r d a  B x ie  L a y e r #  V -O v # r f t / c o l  f t / r o w  t u / e o l  S la v  X*Lo« t l # v  % Loo S lo p #  S o ccp e  IL im  T L ia  P r i n c  SP D ip
S .O  1 0 .Q 3 .0 .0 .0  .9 0 0 0 .0 .8 0
5M0TP0XHT AMD GCOPMGMR XMPUT DATA
S p r e a d  1 ,  3 S h o e p o l a r a .  12 G e o p h e a e a .  % S h i f t  « 0 . 0 .  X -T rv e  •  0
SP S la v x -L o e T Loo D e p th  D p h e i#  T P u d g e  T t a d  SP
. 3 3 C i .S • • 0 . 0 .0 2 .0 .0 .0 0
b 1 2 C 7 .S 2 2 0 .0 1 0 .0 l . S .0 .0 0
3 2 S 7 .» 9 1 0 .0 .0 I S .0 .0 0
P u ^ «  T  a n d  L a y e r#  r e p r e t e a c e d
X L o e  y •L o e SP a SP b SP e
— r — L -  -T  " L ■ --T -* * L
.0 .0 3 4 .1  3 7 2 .1  3 1 0 0 .0  4
4 0 .0 .0 9 0 .0  2 4 7 .0  2 9 4 .5  4
• 0 . 0 .0 99 0 1 9 7 .0  2 9 3 .0  4
1 3 0 .0 .0 4 1 .0  3 41 1 2 9 0 .0  4
1 4 0 .0 .0 47 9 3 3 9 .0  2 4 9 .S 4
3 0 0 .0 .0 7 4 . S 3 1 4 . •  1 9 2 . S 0
2 4 0 .0 .0 • 4 . 3  3 1 4 .1  1 •5  3 3
2 0 0 .0 .0 • 4 . 0  4 3 1 .3  2 1 0 .3  1
1 3 0 .0 .0 •  P 0  4 4 3 .5  2 7 7 .0  3
3 4 0 .0 .0 9 2 .4  4 5 5 .0  3 < 3 .9  3
4 0 0 .0 .0 9 4 .0  4 7 4 .3  3 5 5 .2  3
4 4 0 .0 .0 99  •  4 7 9 .5  3 3 7 .1  3
f o r  a s # i n  t h e p r o g r a m  SEISM IC.
S p r e a d  X P o i n t #  o f  # m # rg # n e #  o f  r o f r a e c e d  ra y #  b e l o e  c a r g e c  g e o p h o o e # :
*## SP  a- SP b SP e
1 % L e e 5 5 a 2 4 .2  1 7 .7  4
l l « v 3 2 9 0 ,S 32 2 4 .4 3109.0
3 x - L o e 3 0 .0  2 4 4 .1  2 49 a 4
t l # v 1 3 4 0 .1 3 2 4 0 .1 3104.1
3 X'LOC 43 0 3 • 5 .9  a 9 7 .4  4
E l# v 3 2 3 4 .0 3250 7 31*2.9
4 x - L s e 1 0 4 .9  3 1 2 3 .4  2 122.0  4
E l a y 323# 4 3240 .0 3179.4
5 X L a c 1 4 1 .9  3 144 9 2 1 40 .1  4
E l a v 3 2 4 0 .4 32 4 0 .2 3145.4
4 X L a c 1 0 1 .0  3 .0  I
.0  0
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tlA V 3 2 4 0 .9 .0 .0
7 x -L o e 2 1 7 .0  3 0 2 9 7 .5  3
BlAV 3 2 3 9 .4 .0 3 2 2 0 .7
• x - u c 1 9 4 .0  4 2 7 3 .9 3 0 2 .7  3
B l« v 3 1 3 1 .0 3 2 9 7 .7 3 2 2 3 .1
9 X -U ee 2 1 4 .1  4 3 1 4 .4 3 9 0 .2  3
XlAV 3 1 1 7 .3 3 2 9 0 .7 3 2 1 4 .9
10 x -L o e 2 9 0  0 4 3 9 9 .1 3 0 3 .0  3
B l« v 3 1 0 4 .9 3259 9 3 2 3 9 .4
11 x -L o e 3 4 4 .2  « 3 9 1 .0 4 1 0 .7  3
E l# v 3 1 9 0 .2 3299 1 3 2 2 0 .1
12 x « L o e 3 1 9 .0  4 « 0 3 .9 4 4 7 .0  2
E le v 3 1 0 9 .2 3 2 1 1 .9 3 2 9 9 .1
S p rê f td  1 P o im t# o t  a n c r y  o f  r a f r o c t a d ra y # b a l o v  « o u re a ■ h e c p o i a t i ;
L#2 l i g h t  X Loo • 7 7 .0 2 2 3 .0 .0
llA V 3 2 9 0 .0 3 2 9 9 .9 .0
U 2 l e f x  X L a e .0 2 1 7 .0 9 0 4 .0
C Iav .0 3 2 9 9 .7 3 2 5 4 .0
L -1 l i g h t  X‘ L oe • 9 2 .7 2 4 1 .3 .0
E le v 3 3 3 4 .9 3 2 2 0 .9 .0
W f t  X *Lee .0 1 9 0 .7 4 0 0 .7
S la v .0 3 2 2 9 .3 3 2 1 0 .3
l i g h t  X - to e - 7 1 . 9 .0 .0
E la v 3 1 9 9 .9 .0 .0
L*« L a f t  X’ L oe .0 ,0 4 9 2 .4
E la v .0 .0 3 1 3 2 .1
d t c t  # # c  f o r  u « « i a  t h a  p ro g r a m  SftSM XC.
SproA d 1 S tp c h  Aod S l a v  o f  l a y a r a  d l r a c t l y  b a n a a t h  SP# t a d  G ao# :
S u r fA c a L a y a r  2 l a y a r  3 L ^ y a r  4
SP X 'L o e  S l a v D apch D e p th S la v D e p th S la v
. . . . . . . .  * - ""  *•* “ * . . . . . ........... ..............
A • 1 0 .0  32C C .S 1 0 .9 3 2 9 9 .0 31 9 3 3 3 4 .9 « 7 .2 3 1 9 9 .9
P 2 2 0 .0  3 2 0 ?  9 1 .1 3 2 9 9 .4 3 9 .9 3 2 3 0 .9 1 4 1 .4 3 1 :9 .1
« 9 1 0 .0  3 2 9 ?  9 1 4 .0 3 2 9 3 .9 49 9 3 2 1 0 .3 1 3 9 .0 3 1 3 2 .1
GAO
1 .0  3 3 9 0 .9 9 .9 3 2 9 0 .7 3 9 .1 3 2 3 2 .9 « 9 .9 3 2 0 2 .7
3 « 0 ,0  3 2 9 0  ? 0 0 3 2 9 0 .1 39 9 3 2 3 1 .0 1 0 .5 3 1 0 0 .2
1 0 .0  3 2 9 0 .? 9  0 3 2 9 0 .9 34 3 3 3 3 4 .4 59 3 3 1 7 9 .4
4 1 2 0 .0  3 2 9 0 .0 0 .3 3 2 9 0 .9 3 1 .9 3 2 ) 7 .1 1 9 1 .9 3 1 9 7 .3
% 1 9 0 .0  3 2 9 0 .9 0 9 3 2 9 0 .3 3 2 .0 3 3 3 9 .1 1 1 9 .2 3 1 4 9 .7
< 2 0 0 .0  3 2 9 0  9 9 .0 3 2 9 9  9 39  0 3 2 ) 3 .9 1 3 3 .9 3 1 3 9 .4
? 2 4 0 .0  3 2 9 9 .0 1 0 .0 3 2 9 9 .0 4 0 .0 3 2 2 0 .2 1 9 2 .3 3 1 1 9 .7
# 2 0 0 .0  3 2 9 9 .1 1 1 .2 3 2 9 7 .9 49 1 3 2 2 3 .0 1 9 0 .1 3 1 0 9 .0
f 3 2 0 .0  3 2 9 9 .1 1 0 .3 3 29 0  0 4 7 .9 3 3 3 1 .9 1 9 2 .7 3 1 0 9 .4
10 3 0 0 .0  3 2 9 9 .2 9 . 7 3 2 9 9 .9 « 0 .3 3 2 2 0 .9 1 9 0 .9 3 1 0 0 .3
11 4 0 0 .0  3 2 9 9  2 12 4 3 2 9 9 .9 4 9 .0 3 3 3 0 .9 199 9 3 1 1 2 .4
12 4 4 0 .0  3 2 9 9 .3 1 4 .1 3 2 9 9 .2 9 1  3 3 3 1 0 .3 1 4 4 .3 3 1 2 9 .0
V a lo e le lA A  w # d .  S p r e a d  1
L a y a r L L a y a r  2 L a y a r  3 L a y a r
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V « r t l c ê l  1 3 « 3 . 
H o r i tO A t* !
i t s s .
a » 3 s .
S3< « .
S I IC .
# * # * 1 *  « a t «  ##e ( o r  u « o  l a  t a *  p r o g r # #  S liS M tC .
I l t v â c i a a  ( ( • • e )
s
a  9  
I •  r
P c #
a to o  : # $ *  3 M O 3 M 0  1 « 0 0  30S 0  3100 l i s e  330 0  33Se 3300
3 2 0 .0
b  i
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
120
3 1 0 0  2 IS 0  3 » 0 0  3 * 1 0  3000 3 0 9 0  3 1 0 0  3 1 9 0  330 0  3390 3300
M i i m t  OLOT scÂua
mi#vi 9.00 e t/eo i
D i # t :  1 0 .0 0  f t / r o v
b  t  0  I  H 0
•  (3#opheno b o e a c lo a
•  S h e t p d i a c  l o e a e l o a
A . l . C  e a a r p a a t  m ay; S o u x e a  S »  A . t . C , . . .  
?  Q u a a o io a a b la  A a a r y a a t  Kay 
a  m ay B a t r y p o l a t  O a a o a e h  S f  
■ N e ro  T h an  Q aa e o  P lo e  K a ra
•  G r U  N a rk
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Seismic Line 3 Data
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RIMROCK GEOPHYSICS, INC.
DATA FILE: bnw lt.dat PRINT FILE: bmU93.PUl
TITIE: SmmpI* d a t i  s t t  for u>* in tho progrm  SEISMIC.
RUN DATE AND TIME: 8-03-199J t t  17:37
PROGRAM CONTROL DATA P rin te r  P lo t See es
EVev Moril Time
Sprdt Exit Leyeri V-Over f t /e e l  ft/row  me/cot
D e t u i a  O v e r r i d e  v e l u e s  Specie! Control Peremeters 
P o i n t  t  P o i n t  2 Equetion Trees Off L
Elev X-loe Elev X-loe Slope Intept iL ia  Tlim P rin t SP 9 'p
S.O 30.0 2.0 .0 .0 .0  .0000 .0 ■SO 10.0
SHOTPOINT AND GEOPHONE INPUT DATA
Spread 1, A Shot p o in ts , 12 Geopfionee, X S h ift x 0 .0 , X-True ■ 0
SP Elav X-Loc T-Loe Depth Uphold T Fudge T End SP
e 3243.4 -40.0 .0 2.5 .0 .0  0
b 3252.0 220.0 10.0 2.5 .0 .0 0
c 3260.6 480.0 .0 2.5 .0 .0 0
0 3267.3 1000.0 .0 2.5 .0 .0 0
A rrival Times * Fudge T and Layers represented
Geo Elev X-Loc Y-Loc SP a SP b SP C SP 0
■--T---L --T---L --T ---L
1 3244.7 .0 .0 21.0 1 71.8 0 103.3 4 148.5 0
2 3246.0 40.0 .0 36.5 1 69.0 3 .0 0 147.8 4
3 3247.3 80.0 .0 46.8 2 60.3 2 97.3 3 142.8 4
G 3248.7 120.0 .0 62.5 3 49.8 2 94.5 3 140.0 4
S 32S0.0 160.0 .0 67.5 3 29.0 1 88.5 3 136.0 4
6 3251.3 200.0 .0 74.0 3 16.0 1 83.8 3 133.8 4
? 32S2.7 240.0 .0 79.0 3 15.5 1 77.3 3. 130.5 4
8 3254.0 280.0 .0 85.3 3 27.5 1 72.5 3 128.3 4
9 3255.3 320.0 .0 92.5 4 40.0 2 65.0 3 129.8 4
10 3256.7 360.0 .0 97.0 4 52.5 2 50.0 1 126.8 4
11 3258 J1 400.0 .0 101.3 4 67.0 3 36.5 1 123.3 4
12 3259.3 440.0 .0 103.8 4 75.3 3 22.8 1 122.5 4
SHOTPOINT AND GEOPHONC INPUT OATA
Spread 2, & Shetpoints, 12 Geopfionee, X S h ift •  0 .0 , X-True » 0
SP Elev X-LOC Y-LOC Depth Upnele T Fudge T End SP
E 3243.4 -40.0 .0 2.5 .0 .0 0
P 3260.6 480.0 .0 2.0 .0 .0 0
0 3263.9 740.0 10.0 1.5 .0 .0 0
N 3267.3 1000.0 .0 2.0 .0 .0 0
A rrival Times * Fudge T end Layers represented
Geo Elev X-LOC Y-LOC SP E SP F SP 6 SP N
--T---L ■-T---L -•-T---L
1 3261.2 520.0 .0 111.3 4 22.5 1 77.5 3 114.8 4
2 3261.7 560.0 .0 115.0 4 36 .5 2 72.8 2 113.0 4
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Î  3262.2 600.0 .0 117.8 4 53.5 2 59.3 2 108.0
4 3262.2 640.0 .0 121.8 4 68.3 2 44.5 2 102.3
5 3263.2 680.0 .0 122.8 4 77.0 2 30.5 2 96.3
6 3263.2 720.0 .0 130.7 4 83.3 3 14.5 1 91.5
2 3264.2 760.0 .0 130.8 4 89.5 5 15.3 1 85.0
a 3264.2 800.0 .0 135.3 4 96.0 3 31.0 2 76.3
9 3265.3 840.0 .0 138.5 4 101.0 3 43.5 2 63.3
10 3265.a 880.0 .0 142.5 4 107.3 3 55.8 2 50.0 ;
11 3266.3 920.0 .0 142.5 4 110.5 4 65.3 2 38.5 ;
12 3266.a 960.0 .0 .0 0 113.5 4 77.8 2 24.3
SHOTPOINT AND GEC9H0NE INPUT OATA
Spread 3, 3 Shctpointa. 12 Caopnenaa, N- S hift ■ 0 .0 , X-True ■ 0
SP Elav x-Loe T-Loe Depth Uphole T Fudge T End SP
J 3266.8 940.0 .0 2.0 .0 .0  0
K 3222.9 1330.0 10.0 2.0 .0 .0 0
I  3229.0 1720.0 .0 2.0 .0 .0 0
A rrival Timai * Fudge T and Layer* represented
Geo Elev x-Loe r-Loc SP j SP X SP L
---T---L --T -- -L ■■-T---L
1 3262.2 1000.0 .0 27.3 1 98.8 4 144.5 4
2 3268.2 1060.0 .0 44.5 2 91.0 4 138.5 4
3 3269.6 1120.0 .0 65.5 2 78.5 3 133.5 4
4 3220.5 1180.0 .0 80.8 2 58.3 2 128.3 4
5 3221.5 1240.0 .0 91.0 3 38.5 1 121.3 3
6 3272.4 1300.0 .0 95.3 3 18.5 1 111.0 3
7 3273.4 1360.0 .0 103.5 3 19.3 1 105.3 3
8 3274.3 1420.0 .0 114.3 3 37.5 2 102.0 2
9 3275.2 1480.0 .0 122.8 4 53.0 2 76.0 2
10 3276.2 1540.0 .0 129.5 4 68.5 2 59.0 2
11 3227.1 1600.0 .0 135.3 4 85.0 3 40.5 2
12 3278.0 1660.0 .0 140.0 4 102.3 4 23.8 1
SHOTPOINT AND GEOPNONE input DATA
Spread 4, 4 Shotpoints , 12 GeopHone*. X-Shift •  0.0 , X-Trua * 0
SP Elev X-Loe T-Loc Depth Uphole T Fudge T End SP
n 3279.0 1720.0 .0 3.0 .0 .0 0
■ N 3275.9 2110.0 10.0 2.0 .0 .0 0
0 3272.8 2500.0 .0 2.0 .0 .0  0
P 3270.0 2980.0 .0 2.0 .0 .0 0
A rrival Time* * Fudge T and Layer* represented
Gao Elav X-loe T-Loe SP N SP 0 SP P
—  T— L '-■-T---L -'-T ---L
1 3278.6 1780.0 .0 27.0 1 104.3 3 148.0 4 175.8 4
2 3278.1 1840.0 .0 44.5 2 97.0 3 143.0 4 175.0 4
3 3227.6 1900.0 .0 60.0 2 86.0 2 134.3 4 172.8 4
4 3277.1 1960.0 .0 79.3 2 71.3 2 130.8 3 169.0 4
5 3276.6 2020.0 .0 98.3 3 34.3 2 127.5 3 164.8 4
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6 3276.3 2080.0 .0 109.3 3 17.8 1 118.3 3 156.0 4
T 3275.6 2140.0 .0 116.3 3 19.5 1 114.0 3 152.5 4
a 3275.2 2200.0 .0 125.5 3 39.5 2 106.8 3 149.8 4
9 3274.7 2260.0 .0 129.5 3 60.5 2 90.0 2 145.3 4
10 3274.2 2320.0 .0 136.0 4 78.8 2 70.8 2 141.0 4
11 3273.7 2380.0 .0 139.3 4 99.3 3 48.8 2 133.8 4
1% 3273.2 2440.0 .0 145.5 4 107.5 3 30.3 1 129.8 4
s k o t p o i n t  am GEOPWME IttPUT OATA
Sprttd  S, t  Shotpoint», 12 G«apPon«p, X-Shift •  0 .0 , X-Tru* 0
SP Elev X-Loe T-loc Depth Uphole T Fudge T End SP
a 3279.0 1720.0 .0 3.0 .0 .0 0
a 3272.4 2460.0 .0 2.0 .0 .0 0
s 3271.2 2720.0 10.0 2.0 .0 .0 0
T 3270.0 2980.0 .0 2.0 .0 .0 0
A rrival Timea * fudge T and Layera represented
Ceo Elev X-Loe T-Loe SP a SP R SP S SP T
» » T  »" « « » ? " L
1 3272.3 2500.0 .0 151.5 4 22.5 1 87.0 2 124.3 4
2 3272.1 2540.0 .0 152.0 4 34.0 1 76.3 2 118.5 4
1 3271.9 2580.0 ■ .0 154.5 4 49.8 1 62.8 2 115.0 4
4 3271.7 2620.0 .0 159.8 4 67.3 2 47.0 1 114.0 3
S 3271.5 2660.0 .0 162.0 4 85.3 2 32.5 1 110.5 3
6 3271.3 2700.0 .0 167.5 4 96.3 3 16.5 1 104.3 3
7 3271.2 2740.0 .0 169.8 4 103.8 3 16.0 1 99.8 3
a 3271.0 2780.0 .0 174.5 4 108.8 3 33.5 1 91.3 3
9 3270.8 2820.0 .0 176.8 4 115.3 3 50.0 1 78.3 2
10 3270.6 2860.0 .0 177.8 4 118.0 4 66.5 2 60.3 1
11 3270.4 2900.0 .0 182.8 0 123.8 4 81.0 2 42.5 1
12 3270.2 2940.0 .0 182.8 4 125.3 4 93.5 3 24.8 1
Sample date  M t fo r uee in tha program SEISMIC.
Spread 1 Points of emargence of re frac ted  raya below targ e t geoph
Sec SP a SP b SP e SP 0
•  -  - ■ I - - - - - - e|^ - - - - - - - - - - I
1 X-ioe .0 1 .0 0 45.8 4 .0 0
Elev .0 .0 3132.3 .0
2 X-loc .0 1 65.3 3 .0 0 118.4 4
Elev .0 3190.5 .0 3120.0
I X-loe 55.9 2 108.5 2 96.9 3 144.5 4
Elev 3211.7 3215.2 3201.0 3126.1
4 x-loe 104.5 3 147.9 2 139.5 3 169.9 4
Elev 3198.4 3218.0 3196.8 3124.6
i X-loe 143.0 3 .0 1 180.2 3 204.1 4
Elev 3199.1 .0 3196.6 3125.0
6 x-lo e 179.2 3 .0 1 224.5 3 259.1 4
Elev 3195.5 .0 3193.1 3112.4
7 x -lo e 215.9 3 .0 1 266.0 3 298.5 4
Elev 3193.8 .0 3193.9 3106.6
a x -loe 256.7 3 .0 1 305.3 3 332.8 4
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Eiev 3193.4 .0 3194.5 3101.7
9 X-loc 198.3 4 303.0 2 341.4 3 384.3 4
Elev 3099.5 3234.9 3199.2 3077.2
10 X-loe 244.2 4 343.0 2 .0 1 452.3 4
Elev 3092.4 3234.4 .0 3074.1
11 x-loc 275.0 4 372.3 3 .0 1 492.4 4
Elev 3089.3 3194.1 .0 3074.1
12 X-loc 312.9 4 412.4 3 .0 1 540.7 4
Elev 3093.2 3191.3 .0 3064.8
Sprtad 1 Point! of entry of refracted  reys below source shotpoints:
Right X-loe -21.0 236.8 .0 .0
Elev 3218.7 3235.9 .0 .0
L«2 le f t X-loc .0 210.9 465.8 .0
Elev .0 3229.7 3238.8 .0
l<3 Right X-loe -22.1 244.3 .0 .0
Elev 3194.4 3193.4 .0 .0
l»3 l e f t X-loe .0 195.5 454.5 .0
Elev .0 3191.4 3193.8 .0 •
l»4 Right x-loe 18.4 .0 .0 .0
Elev 3115.7 .0 .0 .0
I «4 l e f t X-loe .0 .0 350.3 350.3
Elev .0 .0 3099.4 3099.4 •
SaogilR dat* se t  fo r use in the program SEISMIC.
Spread 2 Point! of emergence of refracted rays below target geophonesi
Seo SP E SP P SP 0 SP H
•  •  • ............ I - - - - - - - I
1 X-loe 348.2 4 .0 1 544.7 3 625.0 4
Elev 3080.5 .0 3198.4 3041.0
2 X-loc 437.8 4 545.4 2 574.0 2 681.5 4
Elev 3071.4 3241.7 3241.4 3055.4
3 X-Loc 474.8 4 582.0 2 617.0 2 730.2 4
Elev 3074.9 3241.3 3241.0 3073.1
4 X-Loc 519.4 4 423.7 2 658.5 2 669.3 3
Elev 3077.4 3241.1 3243.8 3182.4
s X-loe 579.0 4 468.8 2 493.9 2 711.7 3
Elev 3088.4 3245.0 3247.3 3181.4
6 x-loe 402.0 4 481.4 3 .0  1 749.7 3
Elev 3068.0 3183.5 .0 3178.3
7 X-loe 465.2 4 717.4 3 .0  1 791.4 3
Elev 3082.5 3181.2 .0 3177.9
a X-loe 725.8 4 752.0 3 793.4 2 807.2 2
Elav 3080.8 3177.1 3254.3 3255.5
9 X-loe 780.1 4 791.3 3 834.0 2 846.3 2
Elev 3088.0 3174.1 3257.0 3257.5
10 X-loe 830.5 4 833.4 3 874.3 2 885.9 2
Elev 3091.5 3173.7 3258.2 3258.4
11 X-loe 869.7 4 869.7 4 915.0 2 924.4 2
Elev 3105.5 3105.4 3259.7 3259.9
12 X-Loe .0 0 881.2 4 955.5 2 .0 1
Elev .0 3103.8 3260.7 .0
Spread 2 Points of en try  of refrac ted  rays below source shotpoints:
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L<2 Right x-loc .0 495.1 750.0 .0
Etev .0 3239.8 3249.7 .0
»2 l e f t x-loc .0 .0 730.0 991.5
Elev .0 .0 3249.3 3251.1
L»î Right X-loc .0 508.0 .0 .0
Elev .0 • 3191.8 .0 .0
U«J l e f t X-loc .0 .0 703.9 962.4
Elev .0 .0 3188.2 3184.3
l«4 Right X-loe SS2.4 582.4 .0 .0
Elev 3072.0 • 3072.0 .0 .0
l«4 Left x-loe .0 .0 .0 895.0
Elev .8 .0 .0 3095.3
Sample data se t  fo r use in the prograa SEISMIC.
Spread 3 Points of emergence of refrac ted rays below ta rg e t geophonesi
Geo SP J SP X SP I
- - - ............ I ............ I
1 X-lee .0 1 1075.7 4 1099,4 4
Elev .0 3109.9 3077.3
2 X-loe 1034.5 2 1134.0 4 1165.5 4
Elev 3259.8 3117.9 3077.1
3 X-loe 1119.0 2 1159.2 3 1218.9 4
Elev 3268.6 3185.7 3071.8
4 x-loe 1179.7 2 1179.9 2 1276.3 4
Elev 3270.2 3270.2 3070.6
S X-loc 1203.4 5 .0 1 1280.4 3
Elev 3186.7 .0 3191.1
6 X-loe 1267.9 3 .0 1 1334.7 3
Elev 3196.2 .0 3196.8
r x-loe 1325.6 3 .0 1 1396.9 3
Elev 3197.1 .0 3192.5
8 X-loc 1381.1 3 1419.8 2 1419.6 2
Elev 3191.1 3274:2 3274.2
9 X-loc 1325.5 4 1479.9 2 1480.0 2
Elev 3058.8 3275.2 3275.2
10 X-loe 1382.2 4 1539.8 2 1540.5 2
Etev 3047.7 3276.2 3276.2
11 X-loe 1469.5 4 1552.2 3 1600.5 2
Elev 3047.4 3196.4 3277.0
12 X-loe 1566.4 4 1587.4 4 .0  1
Elev 3063.1 3100.9 .0
Spread 3 Points of entry, of refrac ted  rays below source shotpoints:
L>2 Right X-loc 943.2 1335.5 .0
Elev 3260.4 3263.9 .0
l«2 l e f t X-loc .0 1324.3 1715.8
Elev .0 3263.6 3271.4
1*3 Right X-loc 981.0 1366.0 .0
Elev 3190.2 3192.0 .0
I  3 l e f t X-loc .0 1295.4 1671.6
Elev .0 3189.4 3177.3
I «4 Right X-loe 1034.4 1429.1 .0
Etev 3073.3 3093.6 .0
I «4 l e f t X-loc .0 1242.4 1644.3
Elev .0 3112.0 3075.1
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S«npt« data se t  for us# in t^e  program SEISMIC.
Spread 4 Points of emergence of refrac ted  rays beiou target geopOones:
Geo SP M SP e SP 0 SP P
1 X-LOC .0 1 1827.1 3 1852.3 4 1836.1 4
Elev .0 • 3169.1 3106.4 3128.9
2 X-LOC 1829.7 2 1917.9 3 1896.6 4 1895.0 4
Elev 3265.9 3174.9 3103.0 3106.3
3 X-Loe 1887.7 2 1910.7 2 1952.9 4 1962.4 4
Elev 3262.7 3261.3 3105.9 3081.1
4 X-Loc 1943.2 2 1977.4 2 1997.6 3 2016.2 4
Elev 3259.1 3261.5 3202.9 3061.2
S X-loe 1987.9 3 2024.2 2 2059.5 3 2156.5 4
Elev 3194.0 3269.5 3191.9 3024.5
6 X-Loc 2041.6 3 .0 1 2114.0 3 2283.6 4
Elev 3189.9 .0 3193.0 3056.6
7 x -loc 2098.1 3 .0 1 2169.8 3 2297.6 4
Elev 3191.9 .0 3184.6 3049.4
a X-loe 2150.0 3 2191.8 2 2224.6 3 2344.5 4
Elev 3189.8 3264.9 3180.2 3048.9
9 X-loe 2209.6 3 2242.8 2 2273.2 2 2372.2 4
Elev 3196.5 3258.4 3255.4 3060.6
10 X-loe 2253.4 4 2302.9 2 2335.5 2 2436.0 4
Etev 3071.9 3254.0 3253.4 3073.9
11 X-loc 2310.1 4 2293.0 3 2397.8 2 2479.5 4
Elev 3087.6 3166.1 3256.9 3085.9
12 x-lo e 2360.6 4 2384.6 3 .0 1 2554.7 4
Elev 3078.8 3155.0 .0 3069.6
Spread 4 Points of en try  of re frac ted  rays below source shotpoints:
l<2 Right X-Loe 1722.4 2113.8 .0 .0
Elev 3271.1 3268.1 .0 .0
L»2 Left X-LOC .0 2105.2 2483.1 .0
Elev .0 3268.4 3259.3 .0
L«J Right X-loc 1755.0 2139.5 .0 .0
Elev 3173.6 3192.7 .0 .0
L*J l e f t X-loc .0 2073.4 2451.5 - .0
Elev .0 3192.4 3154.7 .0 •
L«4 Right X-loc 1793.7 .0 .0 .0
Elev 3127.2 .0 .0 .0
L*4 Left x -lo e .0 .0 2434.6 2434.6
Elev .0 .0 3078.0 3078.0 •
SM«l* data  s e t  fo r  use in  the program SEISMIC.
Spread 5 Points of emergence of re frac ted  rays below target geophones:
Seo SP 0 SP R SP s SP T
- - - - - - - I - - - - - - - I .......... -L
1 X-loc 2432.9 4 .0 1 2507.3 2 2569.7 4
Elev 3075.1 .0 3251.8 3092.8
2 X-loe 2492.6 4 .0 1 2552.5 2 2618.2 4









































139.3 4 99.3 3 48.8 2 133.8 4
145.5 4 107.5 3 30.3 1 129.8 4
SHOTPOINT AND OEOPHONE INPUT OATA
Spread S, 4 Shetpointa, 12 Gcephonaa, x -S h ift > 0 .0 , X-Trua « 0
SP Elav N-Loc T-Loc Depth Uphole T Fudge T End SP
a 3279.0 1720.0 .0 3.0 .0  .0 0
R 3272.4 2460.0 .0 2.0 .0 .0 0
S 3271.2 2720.0 10.0 2.0 .0  .0 0
T 3270.0 2980.0 .0 2.0 .0 .0 0
A rrival Timaa ♦ Fudga T and Layara repreaantad
Gap Elav X-loc T-Loc SP 0 SP R SP !s SP T
---T ---L  • ■L
1 3272.3 2500.0 .0 151.5 4 22.5 1 87.0 2 124.3 4
2 3272.1 2540.0 .0 152.0 4 34.0 1 76.3 2 118.5 4
3 1271.9 2580.0 .0 154.5 4 49.8 1 62.8 2 115.0 4
4 3271.7 2620.0 .0 159.8 4 67.3 2 47.0 1 114.0 3
5 1271.5 2660.0 .0 162.0 4 85.3 2 32.5 1 110.5 3
6 3271.3 2700.0 .0 167.5 4 96.3 3 16.5 1 104.3 3
7 3271.2 2740.0 .0 169.8 4 103.8 3 16.0 1 99.8 3
8 3271.0 2780.0 .0 174.5 4 108.8 3 33.5 1 91.3 3
9 1270.8 2820.0 .0 176.8 4 115.3 3 50.0 1 78.3 2
10 3270.6 2860.0 .0 177.8 4 118.0 4 66.5 2 60.3 1
11 1270.4 2900.0 .0 182.8 0 123.8 4 81.0 2 42.5 1
12 1270.2 2940.0 .0 182.8 4 125.3 4 93.5 3 24.8 1
SMPta data se t fo r use in tha  program SEISMIC.
Spread 1 Points of emargenca of re frac ted  raya below target geophonaai
Gao SP a SP b SP e SP 0
« . » "L -------L
1 X-Loe .0 1 .0 0 45.8 4 .0 0
Elav .0 .0 3132.3 .0
2 x-loe .0 1 65.3 3 .0 0 118.4 4
Elev .0 3190.5 .0 3120.0
3 X-loe 55.9 2 108.5 2 96.9 3 144.5 4
Elav 3211.7 3215.2 3201.0 3126.1
4 X-Loe 104.5 3 147.9 2 139.5 3 169.9 4
Elav 3198.4 3218.0 3196.8 3124.6
5 X-LOC 143.0 3 .0 1 180.2 3 204.1 4
Elav 3199.1 .0 3196.6 3125.0
6 X-loc 179.2 3 .0 1 224.5 3 259.1 4
Elav 3195.5 .0 3193.1 3112.4
7 X-LOC 215.9 3 .0 1 266.0 3 298.5 4
Elav 3193.8 . 0 3193.9 3106.6
8 X-LOC 256.7 3 .0 1 305.3 3 132.8 4
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Elev 3114.8 .0 3237.9 3110.8
3 x-loc 2541.7 4 .0 1 2611.9 2 2671.9 4
Elev 3123.2 .0 3228.6 3114.3
4 X-loc 2555.9 4 2584.8 2 .0 1 2658.7 3
Elev 3109.7 3229.4 .0 3194.3
5 X-IOC 2573.8 4 2641.9 2 .0 1 2692.5 3
Elev 3099.9 3233.5 .0 3187.2
i X-loc 2594.0 4 2665.6 3 .0 1 2733.5 3
Elev 3079.4 3190.1 .0 3185.2
7 X-loc 2638.6 4 2701.7 3 .0 1 2776.9 3
Elev 3081.2 3184.7 .0 3184.7
S X-loe 2693.5 4 2747.3 3 .0 1 2802.8 3
Elev 3085.3 3188.8 . .0 3194.9
9 X-loc 2769.0 4 2785.9 3 .0 1 2881.2 2
Elev 3107.0 3191.2 .0 3220.8
10 X-loc 2817.8 4 2819.9 4 2792.1 2 .0 1
Elev 3131.4 3136.6 3228.8 .0
11 X-loc .0 0 2858.9 4 2851.3 2 .0 1
Elev .0 3130.4 3216.4 .0
12 x-loc 2909.1 4 2906.9 4 2905.2 3 .0 1
Etev 3142.8 3138.0 3180.0 .0
Spread S Points of entry  of refrac ted  rays below source shotpoints
1*2 SiDht X-loc .0 2462.4 2737.3 .0
Elev .0 3267.8 3248.1 .0
l»2 Left x -ioc .0 .0 2703.5 2949.0
Elev .0 .0 3246.9 3233.8
l»3 Right X-loc .0 2548.5 2758.7 .0
Elev .0 • 3163.0 3189.1 .0
1=3 le f t X-loc .0 .0 .0 2939.0
Elev .0 .0 .0 3178.3
1=4 Right X-loc 2529.4 2529.4 .0 .0
Elev 3104.1 • 3104.1 .0 .0
1*4 le f t X-loc .0 .0 .0 2955.0
Elev .0 .0 .0 3160.5
5»nplt ctota ac t fo r wae in tha program SEISMIC.
Sprtad 1 Depth and Itav  of layera d ire c tly  beneath SPs and Ceos:
Surface layer 2 layer 3 lay er 4
SP X-ioc Elev Depth Elev Depth Elev Depth Elev
- -  “ •  • - - - - - - - - - - - - - - - - - -- - - - - - - - - -
• -40.0 3243.4 28.8 3214.6 48.8 3194.6 127.7 3115.7
B 219.9 3 a 2 .0 20.2 3231.8 57.8 3194.2 142.3 3109.7
e 479.7 3260.6 21.7 3238.9 65.1 3195.5 184.8 3075.8
Geo
1 .0 3244.7 27.9 3216.8 51.1 3193.6 129.0 3115.7
2 40.0 3246.0 32.9 3213.1 54.3 3191.7 122.3 3123.7
3 80.0 3247.3 32.7 3214.6 51.2 3196.1 123.0 3124.3
4 119.9 3248.7 32.7 3216.0 51.6 3197.1 125.2 3123.5
5 159.9 3250.0 29.8 3220.2 53.6 3196.4 132.3 3117.7
6 199.9 3251.3 23.6 3227.7 56.7 3194.6 137.7 3113.6
7 239.9 3252.7 16.8 3235.9 58.9 3193.8 146.9 3105.8
8 279.8 3254.0 18.7 3235.3 59.2 3194.8 152.6 3101.4
9 319.8 3255.3 20.5 3234.8 59.3 3196.0 159.3 3096.1
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10 359.8 3254.2 21.9 3234.8 60.2 3196.0 162.5 3089.2
11 399.8 3258.0 21.9 3234.1 63.4 3194.6 175.3 3082.2
12 439.8 3259.3 21.8 3232.5 64.2 3195.1 182.0 3022.3
Sanpl* data  »C  fo r uso in th* program SEISMIC.
Spread 2 Depth and Elav of layara d ira c tly  banaath SP# and fiaoa:
Surface Layar 2 Layar 3 Layar 4
SP X-LOC Elev Depth Elav Dapth Elav Dapth Elav
F 429.2 3260.6 21.2 3238.9 64.9 3195.2 188.2 3021.9
e 239.2 3263.9 14.2 3249.2 83.9 3180.0 186.1 3077.8
N 999.2 3262.3 15.1 3252.2 80.3 3182.0 175.4 3091.9
Geo
1 519.2 3261.2 20.9 3240.3 65.0 3196.2 186.9 3024.3
2 559.2 3261.2 20.0 3241.2 64.8 3196.9 188.9 3072.8
3 599.2 3262.2 21.0 3241.2 20.6 3191.6 189.4 3072.8
4 639.2 3262.7 20.3 3242.4 26.3 3186.4 195.1 3067.6
5 679.2 3263.2 12.2 3246.0 80.4 3182.8 192.5 3020.2
6 219.2 3263.2 15.1 3248.6 82.3 3181.4 189.8 3023.9
2 759.2 3264.2 13.5 3250.2 85.6 3178.6 182.5 3081.2
8 799.2 3264.2 9.8 3254.9 88.6 3126.1 174.2 3090.0
9 839.2 3265.3 8.0 3252.3 91.0 3124.3 162.5 3092.8
10 879.2 3265.8 7.4 3258.4 87.6 3178.2 163.5 3102.3
11 919.2 3266.3 6 .5 3259.8 84.2 3182.1 172.0 3094.3
12 959.7 3266.8 6 .2 3260.6 80.2 3186.1 173.2 3093.1
Sampla data sa t  fo r usa in tha program SEISMIC.
Sprasd 3 Dapth and Elav of layers d ire c tly  banaath SPs and Saoa:
Surface Layar 2 Layer 3 Layar 4
SP X'Loe Elev Depth Elav Depth Elav Dapth Elav
a m • «  • a a m m m m a m a m a •  - • • • •••••• . . . . . . . . . . .
J 939.2 3266.8 6.6 3260.2 82.2 3184.1 173.1 3093.2
K 1329.6 3272.9 2.1 3265.8 29.4 3193.5 203.0 3069.9
L 1719.6 3279.0 2.8 3221.2 105.3 3 in .2 188.5 3090.5
Gap
1 999.2 3262.2 15.5 3252.2 80.2 3182.0 175.8 3091.9
2 1059.2 3268.2 8.2 3260.5 82.2 3186.5 172.3 3091.4
3 1119.2 3269.6 1.0 3268.6 83.6 3186.0 178.6 3091.0
4 1129.2 3220.5 .3 3220.2 84.4 3186.1 180.2 3090.3
5 1239.2 3221.5 4.1 3262.4 81.8 3189.2 188.0 3083.5
6 1299.2 3272.4 2.2 3264.2 79.4 3193.0 199.1 3073.3
2 1359.6 3223.4 6.5 3266.9 29.5 3193.9 206.9 3066.5
8 1419.6 3274.3 . 1 3274.2 81.4 3192.9 211.2 3062.6
9 1429.6 3225.2 .0 3275.2 80.2 3194.5 204.1 3021.1
10 1539.6 3226.2 .0 3226.2 80.1 3196.1 198.9 3022.3
11 1599.6 3222.1 .1 3222.0 86.9 3190.2 195.4 3081.2
12 1659.6 3228.0 3.9 3224.1 93.5 3184.5 191.9 3086.1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
131
S w plt d i t !  s t t  fo r u t t  in cht prsgrM  SEISMIC.
Sprttd  4 Depth and Elev of ( ty tr s  d ire c tly  beneath SPs ei^ Geoe:
Surface Layer 2 Layer 3 Layer 4
SP X-Loe Elev Depth Elev Depth Elev Depth Elev
. . . ......... ........... . . . . . . . . . . . " - m e m m m a  a m e
M 1719.6 3279.0 7.8 3271.2 100.2 3178.8 188.5 3090.5
N 2109.6 3275.9 8.0 3267.9 84.6 3191.3 238.3 3037.6
0 2499.6 3272.8 18.6 3254.2 112.2 3160.6 182.6 3090.2
Geo
1779.6 3278.6 10.3 3268.3 105.6 3173.0 183.7 3094.9
1839.6 3278.1 12.7 3265.4 105.8 3172.3 178.8 3099.3
1899.6 3277.6 15.6 3262.0 100.3 3177.3 173.9 3103.7
1959.6 3277.1 16.8 3260.3 88.1 3189.0 190.2 3086.9
2019.6 3276.6 7 .7 3268.9 85.3 3191.3 213.9 3062.7
2079.6 3276.3 7.6 3268.7 83.8 3192.5 230.3 3046.0
2139.6 3275.6 8 5 3267.1 85.5 3190.1 246.4 3029.2
2199.6 3275.2 11.2 3264.0 90.6 3184.6 229.6 3045.6
2259.6 3274.7 17.9 3256.8 97.4 3177.3 216.8 3057.9
2319.6 3274.2 20.5 3253.7 109.6 3164.6 209.2 3065.0
2379.6 3273,7 17.5 3256.2 114.1 3159.6 203.1 3070.6
2439.6 3273.2 9.2 3264.0 115.1 3158.1 191.9 3081.3
Seeple date se t fo r use in the program SEISMIC.
Spread S Depth end Elev of layers d ire c tly  beneath SPs and Ceos:
Surface Layer 2 Layer 3 Layer 4
SP X-Loc Elev Depth Elev Depth Elev Depth Etev
R 2459.6 3272.4 5.9 3266.5 114.8 3157.6 187.5 3084.9
S 2719.6 3271.2 24.5 3246.7 83.4 3187.8 167.3 3103.9
T 2979.6 3270.0 41.2 3228.8 91.7 3178.3 109.5 3160.5
Gee
1 2499.6 3272.3 18.1 3254.2 111.7 3160.6 182.1 3090.2
2 2539.6 3272.1 30.2 3241.9 109.9 3162.2 173.9 3096.2
3 2579.6 3271.9 41.2 3230.7 100.1 3171.8 175.8 3096.1
4 2619.6 3271.7 41.8 3229.9 90.3 3181.4 176.9 3094.8
5 2659.6 3271.5 34.2 3237.3 83.1 3188.4 177.7 3093.8
6 2699.6 3271.3 25.3 3246.0 83.3 3188.0 171.5 3099.8
7 2739.6 3271.2 23.9 3247.3 83.3 3187.7 163.2 3108.0
8 2779.6 3271.0 37.8 3233.2 80.4 3190.6 154.7 3116.3
9 2819.6 3270.8 45.4 3223.6 80.3 3190.3 143.1 3127.7
10 2859.6 3270.6- 53.0 3217.6 84.6 3186.0 135.0 3135.6
11 2899.6 3270.4 46.0 3224.6 88.8 3181.6 128.2 3142.2
12 2939.6 3270.2 38.2 3232.0 89.6 3180.6 119.2 3151.0
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V eio e ittts  u#«d. Spread 2
Layar 1










V clocttlea uaed. Spread 3
Layer 1










V elocltiea uaed. Spread * 
Layer 1
V ertica l 190*. 









V elocltiea uaed. Spread 5
Layer 1










Sample data se t fo r use In the program SEISMIC. 
0
E l e v a t i o n  ( f e a t )
s
s P
S e r 
P o e
2800 2850 2900 2950 3000 3050 3100 3150 3200 3250 3300
*0.0 ♦ ♦ ♦ ; + • ♦ « 1
.0 * ; s 1 a ♦ 1 1
- $: :
*0.0 * :e a « * 2 T
80.0 * : b: t * 3 1
119.» ♦ 0: : i  b :C «• 4 1
. :0 ca b :
159.9 • :0 $ : :< * 5 1
199.9 ♦ ■ : 0 a: a :« * 6 1
219.9 * * ♦ ♦ * #*:: + §* a ♦:« * b 7 1
. :D i : :
279.8 * ■ :D b :< * a 1
319.8 ♦ #0 c :« * 9 1
359.8 • • : t :e b :c ♦ 10 1
. DE: b :
399.8 * b: : :C ♦ 11 1
«39.8 * ED a : * 12 1
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479.7 ♦ ♦ ♦ ♦ ♦ « :£ ♦ 4 :♦ 9 4 # F
0 s: 9
519.7 ♦ 0 E : :c
559.7 • : :C 0 :«
599.7 * s: E : F :e
H : ; 0
639.7 ♦ : ;G It
679.7 ♦ K : E HP 0 ;s
719,7 ♦ : « 9 :<
739.7 ♦ * ♦ * ♦ ♦ HE ♦ 4 FK 4 9 * : G
759.7 ♦ : E ; :«
799.7 * FH 0 :c
639.7 ♦ E : F G : t
;« # ;
879.7 * •  :F : His 10
919.7 * : #:s 11
939.7 ♦ ♦ ♦ ♦ ■ * ♦ :♦ ♦ » ♦ 4 9 * t '  J
8 9 : ;
999.7 ♦ ♦ ♦ ♦ ♦ * ♦ ♦ ♦ : * ! t H 1
s <1 ;
1059,7 ♦ K :s
L : :




1239.7 ♦ s : ; : s
L: LJ : :
1299.7 ♦ s: 9:s
1329.6 + ♦ ♦ * ♦ ♦ J  : • 0* 4 * •: K
1359.6 ♦ j  : s: : : t
: L : :
1419.6 ♦ : 8 : #c a
J : :
1479.6 ♦ : #* 9
1539.6 * K «€ 10
J : K ;
1599.6 ♦ : L* 11
t  : : : :
1659.6 ♦ : 8 : ::c 12
1719.6 ♦ ♦ ♦ ♦ * : ♦ 4 : : 4 4 s # : M
: 9 : :
1779.6 ♦ s : s 1
: N: M :
1839.6 * :0  P : t 2
: M :
1899.6 ♦ 0 M H IS 3
0 : H :
1959.6 * Ps s :s 4
;N 0
2019.6 ♦ P: H N:S 5
: s : :
2079.6 ♦ ; M; ::S 6
2109.6 * * ♦ ♦ * : ♦ * 4 :04 4 8* W
2139.6 ♦ P; Ms : :S 7
: 0 M :
2199.6 ♦ : 0: M I t 8
: H M :


























N 0 11 4
as
P:: ♦ ♦a ♦ ♦ s : t N 5
P a t :
♦ ♦ S: «C 0 1 5
P : s Q 1 S i t 2 5
TQ 0 R t 3 5
Q : S
Q : T :R t 4 5
: T NT t 5 5
Q : #: s t 6 5
♦: ♦ Tj ♦ :♦ * s S
; t  :a t 7 5




R: ! T t 10 5
M S : t 11 5
: s : t 12 5
:s : :s
♦ ♦ : ; ♦ : ♦ * T 5
9 4
10 4
2850 2900 2950 3000 3050 3100 3150 3200 3250 3300
E l c v t t i o n  ( f * « t )
S
G p 
S c r 
P o e
PRINTER PLOT SCALES
Elev: 5.00 f t/e o l






Emargent Ray; Source SP A .B .C ,...
OucstionaBlc Emergent Ray
Ray Entrypoint Beneath SP
More Than One Syetol te  P lot Here
a r id  Mark
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Seismic Line 3A Data
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SIPT2 V-4.0 SEISMIC WFRACTION INTERPRETATION PROGRAM --- RIMROCK SEOPMTSICS, INC.
OATA FILE: bm l.dat PRINT FILE: tm6493.0ut RUN DATE ANO TIME: S-9A-199] „  15;42
TITLE: S«iR3l« d a ta  sa t  fo r usa in tha pragram SEISMIC.
PROGRAM CONTROL OAT* P rin ter P lot Sea I a# D a t o i R  O v a r r l d s  V i l u a *  Spacial Control ’ iramaters
Elav Norii Tima P o i n t  1 P o i n t  ! Equation Trsca Off L
Sprdi Exit Layara V-Ovar f t /e o l  ft/row ma/eal Elav X-Lae Elav X-Loe Slops Intept SLia TLim Prin t SP Oip
1 -6 3 0 S.O 10.0 2.0 . 0 . 0 . 0 . 0 . 0000 . 0 . 50 10.0 0 0 9
SHOTPOINT AND GEOPNONE INPUT DAT*
Spread 1, 2 S hetpo in ts, 12 Gaophonaa, X-Shift ■ 0 .0 , X-Trua •  0 
SP Elev X-loc T-Loc Depth Uphole T Fudge T End SP
A 3226.2 -40.0 .0 3.0 .0
9 3225.2 480.0 .0 3.0 .0
A rrival Times * Fudge T and Layers repri
Seo Elav X-Loe T'■Lee SP A SP 9
1 3226.1 .0 .0 24.8 1 90.5 3
2 3226.1 40.0 .0 35.3 2 83.0 3
3 3226.0 80.0 .0 41.0 2 78.3 3
4 3225.9 120.0 .0 50.0 2 78.5 3
5 3225.8 160.0 .0 54.3 2 73 .8 2
6 3225.7 200.0 .0 66.0 0 69.3 0
T 3225.7 240.0 .0 68.0 2 62.5 2
8 3225.6 280.0 .0 74.0 2 55.0 2
9 3225.5 320.0 .0 77.3 3 46.3 2
10 3225.4 360.0 .0 80.3 3 .41 .8  2
11 3225.4 400.0 .0 80.8 3 33.5 2
12 3225.3 440.0 .0 86.5 3 21.8 1
.0 0
.0 0
Sample data se t  fo r use in the program SEISMIC.
Spread 1 Point* of emergence of refracted  raya below target gaophonaa:
Geo SP A SP 9
•  > « .............L - - - - - - - I
1 X-LOC .0 1 47.5 3
Elev .0 3073.6
2 X -Loc 33.6 2 142.0 3
Elev 3204.5 3086.4
3 X -Loc 74.0 2 171.1 3
Elev 3204.5 3092.9
4 X - lo c 112.7 2 264.6 3
Elev 3202.9 3093.1
5 X - lo c 153.9 2 166.6 2
Elev 3203.8 3203.9
6 X-IOC .0 0 .0 0
Elev .0 .0
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7 X-Loc 232.6 2 247.5 2
Elev 3202.S 3202.6
a x-loc 273.9 2 287.0 2
Elev 3203.3 3203.7
9 X-loc 312.9 3 325.9 2
Elev 3141.5 3204.6
10 X-loe 339.7 3 367.0 2
Elev 3146.0 3203.5
11 X-loc 374.3 3 406.0 2
Elev 3157.9 3204.5
12 X-Loc 425.6 3 .0 1
Elev 3155.7 .0
Spread 1 Paints of entry of refrac ted  rays
1 2  Right X-loc -34.4 .0
Etev 3204.6 .0
L»2 Left X-loe .0 475 .0
Elev .0 3205.3
L»3 Right X-loe 3.5 .0
Elev 3108.9 .0
L>3 l e f t x-loe .0 467.0
Elev .0 3162.6
Sanpl* d a t l  u t  fo r use in the progrem SEISMIC.
Spreed 1 Depth and Elev of layers d ire c t ly  beneath SPs and Geos:
Surface Layer 2
V elocities uaed. Spread 1 
Layer 1
Layer Î
x-Loe Elev Depth Elev Depth Elev
-40.0 3226.2 21.3 3204.9 117.3 3108.9
480.0 3 a 5 .2 19.9 3205.3 62.6 3162.6
.0 3226.1 21.5 3204.6 117.2 3108.9
40.0 3226.1 21.6 3204.5 137.2 3083.9
80.0 3226.0 21.8 3204.2 143.6 3082.4
120.0 3225.9 22.9 3203.0 141.9 3084.0
160.0 3225.8 21.9 3203.9 135.9 3089.9
200.0 3225.7 22.5 3203.2 133.6 3092.1
240.0 3225.7 23.2 3202.5 125.1 3100.6
280.0 3225.6 22.1 3203.5 111.3 3114.3
320.0 3225.5 21.0 3204.5 90.2 3135.3
360.0 3225.4 21.7 3203.7 74.7 3150.7
400.0 3225.4 21.0 3204.4 69.6 3155.8









Sanvla data  se t  fo r use in the program SEISMIC.















E l t v « t i a n  ( f c t t )
S
6 p
% t r  
P 0 # 
a
d
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4 8 0 . 0
2750 2800 2850 2900 2950 3000 3050 3100 3150 3200 3250
S
0 G p
1 S e r
t  E l * v i t i e n C f « ( C )  p @ ,
t  1
d
PRINTER PLOT SCALES L E G E N D
Elev: 5.00 f t / c a l  (  Ceoption* Location
O i ï t :  10.00 ft/roM  * Shotpoint location
A,B,C Enargcnt Ray; Sourca SP A ,B .C .... 
? Qucstionablt Emargent Ray 
s Ray Entrypoint Sanaach SP 
» Nora Than Ona Syirbet to P lo t Mera 
♦ Grid Mar*
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
140
Seismic Line 4 Data
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a i m  . . .  s i i c K t c  WFKACTioM %*TEK ;aiTAT:ow n o G t jM  aiMKOCK a e e m s i c s ,  : h
DATA f l U ;  KW.DAT P H IfT  M L * : KH.QUT
T IT IX : d# (%  # # t  f o r  um# La t h #  p ro g r a m  i l tS M lC .
aUN OAT* AND TIM*: 4 a t  ' . l . i O
PAOCRAM CONTA% DATA P r u x c o r  P le c  S e a l a i  
K lo v  A o r ta  T im *
O a c t t *  O v a r r i d *  v a l u t a
P o t a e  1 P o t n e  2 f q u a c i o n
â p t e x a l  C n t r o :  P a r a m a c t r a  
r r a t *  : s f  L
I p r d a  S x ie L a y t r a  v * f # r f e / e o l  f t / r o w  m t /e o l S la v  x * L ac
------ ................. ........... -  - • ------- -  - - - • “ . « « • • •
3 -C Q S O  10 .0  2 .0 .0  .9
SMOTfOlNT AMB '3E0PK0MI INPUT DATA
s p r t a d  1 .  1 S h e e p e iB C i ,  12 S a o p n o n a a ,  x S h i f t  •  0 . 0 . x . t ™ ,  .  0
SP S l t v X 'L o c y - L a c D t p t b  U p b o l*  r  P u d g *  T  S n d  SP
• i s o s . 3 • 4 0 .0 .0 2 0 0 .0  3
b 32ÛS.O 2 3 0 .0 1 0 .0 3 .0 .0 .0  3
= 12O S.0 4 0 0 .0 2 .0 .0 .0  0
A r r i v a l  T im ta  * P u d g t  T  a n d  L a y a r t  r t p r t a o a t t d
Û 40 S la v X 'L o e y  L a c SP a SP  D SP  e
" ...T " * * L  • . . T * - - L
t ISOS 3 0 .0 2 3 .3  1 < 7 .1  3 9 0 .0  4
2 3 3 C S .9 4 0 .0 .0 3 *  S 2 *3 9 3 • 7  .0  4
) 32O S .0 • 0 . 0 .0 4 0 .9  2 9 * .3  3 1 9 .0  4
4 ISO S.O 1 : 0 . 0 .0 S C .3 3 *0 0 2 • 3 . 9  4
a 3 3 0 S .0 1 *0  0 .0 *4 . 3  3 3 9 .0  2 • 1 0  3
( 3 2 0 S .0 2 0 0 .0 .0 7 0 .0  1 3 3 .3  1 * 9 3
f 1 : 0 * .0 2 4 0 .0 .3 3 0 3 : i . 3  1 < 7 .1  3
i 3 :0 5  0 3 0 0 .0 .0 7 S .S  3 1 1 .1  3 < 0 .0  3
9 3 3 0 * .9 3 3 0 ,0 0 1 0 .S 3 43 0 2 *9 3 3
13 3 :0 *  0 3 * 0 .0 .0 0 * 0 4 * 4 .0  3 4 0 .<  2
11 32O S .0 4 0 0 .0 .0 0 9 .0  4 * 9 .1  1 39 9 2
13 3 : 0 * .0 4 4 0 .0 .0 0 9 .3  4 ** * 3 2 3 .9  2
SM O T Ponrr a n d  c*0PW0*% INPUT DATA
s p r t a d  2 .  1 S h o c p O L a c a . 12 a * o p f to m * a . % -S h iS o  •  O-O. X -T fU t # 3
SP c i t v X -L *e Y Loo D apcA  U p b o l*  T P ^ g t  T  S n d  SP
d 3 3 0 *  0 4 0 0 .0 .3 2 . 0 .0 .0  a
# 3 20 *  0 ‘̂ 4 0 .0 10 0 2 . 0 .0 .0  0
e 3 3 0 *  0 1 0 0 0 .0 .0 2 .0 .0 .0  a
A r r i v a l  T im a#  ♦  P u d * *  T  a n d  t a y a r t  r * p r t t * « e * d
@#m S l t v X -L ee Y 'L eC SP d SP * SP t
• • “T * “ “ L - - T - - - L
1 320 *  0 S 2 0 .0 0 34  0  1 *7 0 3 1 0 0 .0  4
3 3 3 9 S .0 9 * 0 .0 .0 40  * 2 * 9 .9  1
0 0
S 1 2 0 S .0 < 9 0 .0 .9 * 2 . 0  2
*0 .0  2 9 7 .0  4
4 1 2 0 9 .0 * 4 0 .0 .0 * 0 . 0  2 92 3 2
9 4 .0  3
.3  OOOO
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s l a o s . o « 0 0 . a .0 c t . e  3 3 7 .1 2 0 9 .0  3
< 33QS.O T 2 0 .0 .0 7 1 .3  3 20 0 1 « 1 .0  3
? 323S 0 7 0 0 .3 .0 7 0 .3  3 2 0 .3 1 7 2 .5  3
1 3 3 M .9 « 8 0 .0 .0 0 4 .0  3 3 4 . ] 2 ( 9 . 3  3
9 3 2 9 S .0 « 4 0 .3 .0 0 1 .0  3 50 0 2 (2  3 2
10 3 2 :5  a 00 0  0 .0 » 0 .0  4 5 0 .3 2 52 5 2
11 3 2 0 5 .3 )2 Q .3 0 9 3 .5  4 ( 4 . 0 3 30 5 2
l a 3 3 0 9 .0 « 0 0 .0 .0 .0  0 7 0 .0 3 27 1 1
MOTPOINT AMD SeCPHONI INPUT DATA
S p re a d  3 . 3 S h o e p o x n c s . 12  G a o p h o n a a . X S h i f t  > 0 . 3 , X 'T r v a  1
SP S la v X -L oc T -L e c O a p e h  U pheL a T  f u d g a  T Cad 1
9 3 2 0 5 .9 1 0 0 0 .0 . 9 2 .9 .0 .0  a
h 3 2 0 5 .3 1 2 0 0 .3 1 0 .0 2 .0 .0 .0  0
i 3 2 0 5 .0 1 5 2 0 .0 . 0 2 .0 .0 .0  0
A r r i v a i  T i* # #  •  P ü d g #  T a n d  L # y # r#  r s p r t t t e c r d
S la v x*L*e T'Loe SP 9 SP h SP I
-----T-----w
3 2 0 5 .0 1 : 4 0 . 0 .9 2 5 .0  3 < 9 .1  3 97 # 4
3 2 0 5 .0 1 0 0 0 .0 .0 3 1 . •  3 ( 5  3 1 9 4 .5  4
3 2 0 5 .0 1 1 3 0 .9 .0 5 4 .3  2 5*  * 3 92 0 4
3 2 0 5 .0 1 1 ( 0 . 0 .0 ( 1  # 3 4 4 .5  3 9 1 .0  3
3 2 0 5 .9 1 2 0 0 .0 . 0 ( 9 . 0  3 2 9 .0  2 I t . 3 3
3 3 0 5 .0 1 2 4 0 .0 .0 7 7 .0  3 1 1 .9  1 «3 * 1
3 3 9 5 .0 1 : 9 0 . 0 .0 « 1 .1  3 1 3 .3  1 7 (  3 3
3 2 0 5 .9 1 3 2 0 .9 .0 9 0 .3  3 3 1 . « 2 7 1 .9  3
3 1 0 5 .3 1 3 ( 0 .3 0 9 7 .3  3 4 (  5 2 ( ( . 3  3
3 2 0 5 .3 1 4 0 0 .0 .0 1 0 1 .5  4 ( 1  * 3 59 « 2
3 2 0 5 .9 1 4 4 0 .3 .0 1 C 2 .S  4 ( 7 . 1  3 4 4 .5  2
3 2 9 5 .0 1 4 * 0 .0 .0 1 0 4 .5  4 7 4 .0  3 23 .5  2
s a « p L *  d a t a  r a t  S o r  ; i i €  i n  e h a  p r o g r a m  SEISM IC.
S p re a d  l  p o in c m  o f  am a rg em o #  o f  r a f r a e s e d  r a y a  a a io w  t a r g a c  ja o p n e n a a ^
3 a * SP a SP b SP c
X'LOC .0  1 3 7 .9  3
S l a v .0 3 1 5 3 .1 3 0 3 9 .2
X’ L c c 3 4 .7  2 ( 7 . 9  3
S l a v 3 1 9 2 .4 3 1 5 2 .9 3 0 4 3 .1
x - L o e 7 4 .4  3 1 0 5 .3  3
S l a v 3 1 9 1 .3 3 1 5 * .1 3045 *
X 'L o e 1 0 3 .3  3 13* 4 3
S l a v 3 1 ( 2 . 7 3 1*0  9 ) 0 4 (  9
x - L e e 1 4 0 .1  3 1 ( 7 . 5  2
S la v 3 1 5 9  ( 3 1 I I . 1 3 1 5 0 .2
X >Lee 1 * 0 .0  3 .0  1
S la v 3 1 5 #  9 .0 3 1 5 1 .3
X 'L o e 3 2 4 .3  3 .0  1
S l a v 3 1 ( 3 .4 .0 3155 5
X-LOC 2 ( 7 . 2  3 3 7 4 .4  3 3 0 1 .1
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e i a v 3 1 7 1 .0 3 1 9 1 .7 3 1 9 4 .1
9 X’ Lee 3O S .4 3 3 1 4 .1  2 334 0 3
S la v 3 1 7 3 .5 3 1 9 0 .9 3 1 5 7 .1
to 3 3 0 .1  4 3 3 4 .1  3 3 4 7 .1  2
S la v 3 0 1 5 .3 3 1 4 2 .0 3 1 9 0 .0
X -mOC 3 4 4 .0  4 3 7 9 .4  3 4 0 5 .9  2
( l e v 3 0 4 1 .0 3 1 5 9 .1 3 1 9 1 .5
12 X 'U oe 3 5 2 .0  4 4 1 9 .1  3 4 4 4 .9  2
( l e v 3 0 4 4 .0 3 1 5 4 .1 3 1 9 3 .2
S p r t a d  I p e i n t e O f e n t r y  o f r e f r a c t e d  r a y a b e lo w  e e u r c e  ■ n o c p e ih c a :
Im i  R ig h t X L ee 35 4 2 2 5 .4 0
( l e v 3 1 9 3 .4 3 1 9 0 .4 .0
L ag c X -L M .0 2 1 5 .3 4 7 5 .4
( l e v .0 3 1 9 0 .9 3 1 9 3 .2
L - )  R ig h t X -L ee IS  2 2 4 1 .9 .0
( l e v 3 1 5 4  # 3 1 4 0 .7 . 3
t " 3  L « f t X -L ee .0 2 0 2 .4 4 5 4 .0
( l e v .0 3 1 5 7 .2 1143 .4
R ig h t X -L ee 1 4 . S .9 .0
( l e v 3 0 4 9 .1 . a .0
L -4  L a f t X -L ee .0 .3 4 1 3 .4
( l e v .9 .9 3 0 5 9 .4
S am p l#  d a t a l e t  f o r  u e e  l a  t h e  p r e g r a e  SEISM IC.
S p r e a d  2 o f  e m e rg e n e e e f  r e f r a c t e d r a y e  b e le w  t a r g e t  g e o p h e n e e :
3 # o SP d SP a SP e
• - - L .................L
1 X -L ee .9  1 5 3 4 .2  3 5 3 1 .9  4
( l e v .9 3 1 4 5 .4 3 0 : 4 .2
3 X -L ec 5 5 5 .9  2 5 7 4 .2  3 .0  3
S le v 3 1 9 3 .9 3 1 5 4 .4 .0
3 X -L ee 5 9 3 .1  2 4 0 5 .4  2 4 4 4 .S 4
S l t v 3 1 9 1 .9 3 1 9 1 .4 1 0 0 7 .4
4 X -L ee 4 3 4 .1  2 4 4 4 .0  2 4 4 4 .4  3
E le v 3 1 9 1 .3 3 1 9 1 .0 3 1 3 4 .4
5 X -L ee 4 4 4 .7  3 4 44  7 2 7 1 1 .0  3
E le v 3 1 4 2 .1 1 1 4 9 .7 3 1 4 3 .2
S X -L ec 4 9 2 .0  3 .0  1 '’5 4 .1  3
( l e v 3 1 4 4 .4 .0 314 2  5
7 % L ee 7 1 4 .1  1 . 0  1 7 9 0 .0  3
E le v 3 1 4 5 ,4 .0 3 1 4 4 .2
• X -L oc 7 7 2 .1  3 1 9 4 .4  2 9 3 5 .0  3
( l e v 3 1 4 2 .0 3 1 9 1 .2 3 1 4 4 .3
9 X -L ee 4 1 7 .7  3 4 3 1  7 2 9 4 4 .0  2
S la v 3 1 4 4 .1 3 1 1 9 .1 3 1 4 4 .9
10 X -L ec 4 4 0 .4  4 4 7 4 .4  2 8 4 4 .0  2
( l e v 3 0 1 0 .3 3 1 9 0 .3 3 1 9 0 .7
11 x -L o e 4 7 7 .0  a 9 0 4 .9  1 9 2 5 .7  2
E le v 3 0 2 4 .4 3 1 5 9 .3 3 1 9 1 .3
12 x -L o e .9  0 9 3 7 .2  3 .0  1
( l e v .0 1 1 5 9 .4 .0
S p r e a d  2 P e i n t e e f  e n t r y  o f r e f r a c t e d  r a y e b e lo w  a e u r c a  a h e t p o i . i e e :
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L - l  t i f h c K L a c 4 1 1 .0 7 4 5 .7 0
■ l a v 1 1 9 S .4 3 1 4 9 .9 0
L a f t X 'L a c .0 7 3 4 ,0 9 9 4 .9
■ l e v .0 3 1 4 9 .4 3 1 9 3 .7
X -L0C 5 0 1 .3 7 4 9 .4 .0
■ l e v 1 143  0 3 1 4 4 .4 .0
L .3 X «L oe .0 7 1 1 .4 9 7 4 .7
■ l e v .0 3 1 4 3 .3 3154 4
L«4 R ig h e x - L a c SOI 3 .0 .0
S l a v 3 0 4 4 .1 .3 .0
L«4 U f B X -L e e .0 .0 9 5 3 .2
E l e v .0 .0 3 0 3 9 .0
S a n p la  d a t a ■ ee S o r  w e #  l o  e b e r o g r a e  SEISM IC.
S p r e a d  3 P e iA C a o f  . . . r . a e e  o f  r e f r a c t e d r a y e  b e le w  t a r p e c  p e e p A o a e e
Q ae SP 9 SP b SP L
.................L
1 X -L e e 1 0 3 3 .7 1 0 4 1 .7  3 1 1 2 3 .3  4
S l# v 3 1 4 9 .7 3 1 5 2 .3 3 0 5 4 .0
3 X L a e 1 0 7 0 .3 1 1 0 4 .4  3 1 4  4 4
■ l e v 3 1 4 4 .4 3153 9 3 0 4 4 .4
3 X L a c 1 1 0 9 .S 1 1 4 3 .1  3 1 1 4 0 .4  4
■ l e v 3 1 4 3 .9 1 1 5 7 .3 3 0 7 1 .5
« X -L o e 1 1 4 1 .4 1 1 7 1 .3  3 1 1 7 4 .0  3
■ l e v 3 1 S S .0 3 1 1 9 .7 3 1 4 4 .7
S X -L e c 1 1 7 3 .0 1 3 0 4 .9  3 1 3 2 1 .3  3
■ l e v 3 1 4 1 .7 3 1 9 0 .3 3154 0
< X -L o e 1 2 0 3 .1 .3  1 1 3 4 4 .0  3
S l e v 3 1 3 9 .9 .0 3149 4
7 X -L e e 1 2 4 7 .0 .0  1 1 3 0 7 .5  3
S l e v 3 1 4 3 .3 .0 3 1 5 3 .2
1 x - L a e 1 2 9 2 .7 1 3 0 4 .4  2 1 3 4 1 .3  3
S l e v 3 1 4 1 .3 3 1 1 4 .3 1 1 5 7 .4
9 % L a e 1 3 3 4 .3 1 3 4 3 .4  3 1 3 7 3 .7  3
■ l e v 145 4 3 1 4 1 .3 1 1 4 3 .5
10 x - L c e 1 2 4 7 .7 1 3 4 3 .4  3 1 4 1 4 .9  2
S l a v 3 0 3 3 .4 3 1 5 9 .4 3 1 7 4 .4
11 X -L e c 1 4 3 4 .7 1 4 2 3 .4  3 1 4 5 4 .9  2
S l a v 3 0 3 4 .0 3 1 5 4 .4 3 1 7 4 .7
13 X L a c 147 9  .4 1 4 4 3 .5  3 1 4 4 7 .4  2
■ l e v 3 0 3 7 .4 3 1 9 9 .3 3 1 4 3 .0
S p r e a d  3 P o i n t a O f e n t r y  o f  r e f r a c t e d  r a y e b e lo w  e o u r e e  i h e e p e i f l c i :
l « 3 R ig h c X -L oe 1 0 0 9 .2 1 3 4 3 .4 .0
■ l e v 3 1 9 0 .1 3 1 9 4 .1 .0
L .3  L a C t X -L a e .0 1 3 9 4 .0 150# 4
■ l e v .0 3 1 9 4 .3 3 1 4 0 .7
L "3  R rp b e X -L ae 1 0 3 5 .3 1 2 4 9 .0 .0
■ l e v 3 1 4 4 .3 3 1 5 3 .3 .0
L -1  L e t t K -L a e .0 1 3 3 1 .3 1 5 0 5 .1
■ l e v .0 3 1 5 2 .4 3 1 4 1 .4
L .4  tL iq h t X -L e c 1 0 4 1 .1 .0 .0
E l e v 3 0 3 3 .3 .0 .0
L -4  L e f t X -L o e .0 .0 1 4 4 5 .1
■ l a v .0 .0 3 0 5 4 .5
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* « n p :«  U t A  f t  f o r  u « #  i n  t h «  p r o g r a m  5SXSHXC.
S p r e a d  i  D e p th  e n d  É i e v  o f  l a y e r #  d i r e c t l y  b e n e a t h  S 9 »  a n d  Seoe.-
L m yer 2 L a y e r  ) L a y e r  4
SP X -L oc K ie v D e p th K ie v D e p th K ie v D e p th K iev
■ —  - --------- ■••••■* « a •  a • •  • a • • a
• - 4 0 .9 1 2 0 5 .9 1 0 .» 3 1 9 4 .1 '  4 6 .2 3 1 9 6 .6 155 » 3 0 4 9 .1
b 2 2 0 .0 3 2 0 S .9 1 4 .» 3 1 9 0 .1 4 6 .6 3 1 5 6 .4 1 5 3 .1 3 0 5 1 .»
G eo
4 1 0 .0 3 2 0 5 .3 1 3 .1 3 1 9 2 .» 4 1 .1 3 1 6 3 .9 1 5 7 .6 3 9 4 7 .4
I .9 3 3 0 S .9 1 1 .» 3 1 9 » .1 5 1 .4 3 1 9 3 .6 155 9 3 0 4 9 .1
2 40 .0 3 2 0 $ .0 1 3 .? 31*2 3 5 0 .9 3 1 5 4 .5 1 6 1 .1 3 0 4 3 .9
a 1 0 .0 3 2 0 $ .0 1 3 .» 3 1 * 1 .1 4 6 .6 3156  2 1 6 2 .3 3 0 4 2 .7
* 1 2 0 .0 3 2 0 5 .0 1 9 .9 3 1 6 9 .1 4 ?  3 3 1 5 ? .? 1 6 1 .3 3 0 4 3 .7
s K O .O 3 2 0 5 .0 1 6 . • 3 1 1 6 .2 4 7 .6 3 1 5 7 .2 1 5 9 .0 3 0 4 6 .0
< 2 0 0 .0 3 2 0 5 .9 15 6 3 1 6 9 .4 46 0 3 1 5 7 .0 1 5 5 .6 3 0 4 9 .2
2 4 0 .0 3 2 0 5 .9 14 .1 3 1 * 0 .» 4 5 .1 3159 » 1 5 0 .4 3 0 5 4 .6
i 2 1 0 .0 3 2 0 5 .0 13 4 3 1 9 1 .6 42  6 3 1 6 2 .2 1 4 5 -1 3 0 5 9 .9
9 3 2 0 .9 3 2 0 5 .0 1 4 .2 3 1 * 0 .1 4 2 .6 3 1 6 2 .4 1 3 9 .7 3065 3
10 3 6 0 .0 3305.9 14 » 3 1 * 0 .1 45  3 3 1 5 9 .7 1 4 1 .0 3 0 6 4 .9
11 4 0 0 .9 3 2 0 5 .9 1 3 .? 3 1 * 1 .3 4 5 .3 3 1 5 * .7 144 * 3 C 6 0 .1
12 4 4 0 .0 3 3 0 5 .9 1 2 .3 3 1 9 3 .3 4 4 .6 3 1 6 0 .4 1 5 3 .1 3051 9
S a m p le  d a t a  l e t  f o r  u e e  i n  t h e  p ro g r a m  S S tM I C .
S p r e a d  2 D e p th  a n d  C le v  o f  l a y e r #  d i r e c t l y  b e n e a t h  SP# a n d  S e e # :
S u r f a c e L a y e r  2 L a y e r  3
SP X'LflC K ie v D e p th K ie v D e p th S la v D e p th 3 1 « v
d 4 6 0 .0 3 2 0 5 .0 10 3 3 1 9 4 .7 4 3 .9 3 1 6 1 .1 1 6 1 .2 3 0 4 3 .4
7 4 0 .0 3 2 0 5 .0 15 3 3 1 9 0 .0 6 0 .9 3 1 4 4 .1 1 1 9 .9 3 0 1 5 .1
f 1 0 0 0 .0 3 2 0 5 .0 I S .  7 3 1 9 2 .3 50 6 3 1 5 4 .4 1 7 1 ,2 3 0 3 3 .9
G ee
1 5 2 0 .0 3 2 0 5 .0 12 1 3 1 9 2 .1 4 3 .1 3 1 6 1 .9 1 6 9 .4 3 0 3 5 .6
2 5 6 0 .0 3 2 0 5 .0 1 2 .2 3 1 9 2 .6 45 2 3 1 5 9 .6 1 1 1 .1 3 0 2 3 .»
J 6 0 0 .0 3 2 0 5 .0 1 3 .3 3 1 9 1 .7 53 6 3 1 5 1 .2 15? 3 3 0 1 7 .7
4 6 4 0 .0 3 2 0 5 .0 1 3 .6 3 1 9 1 .2 6 0 .6 3 1 4 4 .4 1 9 3 .5 3 0 1 1 .5
5 6 6 0 .0 3 2 0 5 .0 1 5 .1 3 1 6 9 .9 62  6 3 1 4 2 .2 1 9 6 .2 3 0 0 1 .5
6 7 2 0 .0 3 2 0 5 .0 15  3 3 1 6 9 .7 61 6 3 1 4 3 .4 1 9 2 .0 3 0 1 3 .3
T 7 6 0 .9 3 2 0 S .2 14 7 3 1 9 0 .3 6 0 .1 3 1 4 4 .9 157 6 3 0 1 7 .2
6 6 0 0 .0 3 2 0 9 .0 14 0 3 1 9 1 .0 5 6 .6 3 1 4 6 .2 1 5 3 .6 3 0 2 1 .4
9 6 4 0 .9 3 2 0 5 .0 1 6 .0 3 1 6 9 .9 5 5 .4 3 1 4 9 .6 1 7 9 .4 3 0 2 5 .6
10 • 6 0 .0 3 2 0 5 .0 1 4 .5 3 1 9 0 .5 5 0 .6 3 1 5 4 .2 1 7 6 ,9 3 0 2 6 .1
11 9 2 0 .0 3 2 0 5 .9 1 3 .6 3 1 9 1 .2 45  6 3 159  4 1 7 5 .9 3 0 2 9 .1
12 9 6 0 .0 3 2 0 9 .0 1 4 .5 3 1 9 0 .5 4 9 .9 3 1 5 5 .1 1 7 3 .5 3 0 3 1 .5
S a m p le  d a t a  c e t  f o r  u s e  i n  t h e  p r o g r a m  SEISM IC .
S p r e a d  3 D e p th  a n d  K ie v  o f  l a y e r #  d i r e c t l y  b e a e a th  S P# a n d  G e o # :
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U y « r  2 Lmyer ) U y # r  4
59 x -L o e S la v D e p th K ie v D e p th K ie v 2 e p th S le v
............ .............. - • • ■ •  • « • • •  • . . .
3 1 90 0  9 1 2 0 9 .9 1 9 .2 9 1 4 9 .9 9 4 .2 3 1 9 0 .1 1 7 1 .2 3033 •
h 1 2 5 0 .0 3 2 0 9 .0 1 2 .4 9 1 9 3 .4 5 4 .2 3 1 4 1 .1 1 7 1 .0 3 0 3 4 .0
1 9 2 9 .0 3 2 0 9 .9 1 9 .7 3 1 9 9 .3 43 4 3 1 4 1 .4 144 9 3 0 9 9 .5
S oe
1 1 0 4 0 .0 3 2 0 5 .9 1 5 . • 9 199  2 91 3 3 1 1 3 .7 1 4 9 .9 3 0 3 4 .1
2 1 0 1 0 .3 3 2 0 5 .3 1 1 .9 1 1 9 4 .1 91 9 3 1 9 3 .1 1 4 4 .9 3 0 3 4 .5
] 1 1 2 0 .3 3 2 0 5 .0 2 0 .# 3 1 9 4 .2 5 0 .4 3 1 9 4 .4 1 4 9 .3 3 0 9 9 .7
4 1 1 4 0 .3 3 2 0 5 .0 1 9 .7 3 1 9 5 .3 9 0 .2 3154 # 1 3 3 .1 3 0 7 1 .2
9 1 2 0 0 .3 3 2 0 5 .3 1 9 .a 3 1 9 9 .3 9 3 .2 3 1 9 1 .9 149 4 3 0 9 4 .4
• 1 2 4 0 .3 3 2 0 1 .0 1 2 .1 3 1 9 3 .9 55 9 3 1 4 9 .1 143 5 3 0 4 1 .5
7 1 2 1 0 .9 3 2 0 5 .0 1 3 .3 1 1 9 2 .0 5 4 .5 3 1 4 9 .5 1 9  5 3 0 2 4 .5
I 1 3 2 0 .0 9 2 0 9 .0 1 9 .0 3 1 9 4  0 5 3 .3 3 1 5 1 .7 1 7 9 .2 3 0 2 5 .1
9 1 3 4 0 .0 3 2 0 5 .0 25 2 3 1 7 9 .9 4 9 .1 3 1 5 9 .9 1 7 4 .4 3 0 2 4 .4
10 1 4 0 0 .0 3 2 0 9 .3 2 9 .0 3 1 7 4 .0 49 4 3 1 5 9 .4 1 7 3 .7 3 0 3 1 ,3
; i 1440 .9 9 2 0 5 .9 2 7 . ) 9 1 7 7 .1 44 1 3 1 5 1 .9 1 7 0 .9 3 0 3 4 .1
13 1410 3 3 2 0 5 .3 2 3 .1 9 1 9 1 .2 43 9 3 1 4 1 .2 1 7 1 .5 3 0 3 3 .5
' / • l o c & e i a a  'j a a d . S p r e a d  I
L a y e r  1 L a y e r  2 L a y e r  3 L a y e r
v a r e i s a l 1 3 7 3 . . 3 4 7 9 . 4 9 7 0 .
H e r i a e o t a l 3 4 7 5 , 4 9 7 0 . 19119
V e l o c i c i e a  u a o d . S p r e a d  2
L a y e r  1 L a y e r  2 L a y e r  3 L a y e r  <
V a r e i c a l 1 3 7 3 . 3 4 7 9 . 4 9 7 0 .
H o r i z o n t a l 3 4 7 9 . 4 9 7 0 . l a i i a
V o lo c i o i # #  u a # d , S p r e a d  3
L a y e r  1 L a y e r  2 L a y e r  3 L a y e r  <
v e r t i c a l 1 3 7 3 . 3 4 7 5 . 4 9 7 0 .
K o r i a o a t a l 3 4 7 5 . 4 9 7 0 . 19119
S a a p l t  d a c a  a « c  f o r  u a a  i n  c h #  p r o g r a m  SEISM IC.
B l a v a C L S A  ( f a a c )
-  ? 
s  « f
? 9  •
2 7 S 0  2S 00  2 IS 0  2900 2 9 9 0  2000 309 0  3100 31£9 3200
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7 3 0 . 0
7 4 0 .0  
7 ( 0 .0
d  a
» : f
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1 3 4 0 .0
1 3 4 0 .0
1 3 1 0 .0
3 5 0  2 100  : iS O  3 9 0 0  9 90  KOO JOSO 3100 3150 3209
j $ r
? a «
P R X W m  PLOT S C A L tt
g l # v :  5 .0 0  gO/OQl
O I K :  1 0 .0 0  t t /T O W
L S  0  I  SI 3
Seophom # L o e a c io a
S h o c p o ia t  L o e o e io o
t o o r r o a e  may: X o u r e t  99
O u««eioaA J»Ia S a t r g a a c  %#y
t u y  S a e r y p a i a t  S a e a a c b  39
M a r t  T h aa  Ona 9 y n a o i  oo  P l o t  Hmra
G r id  M ark
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SEISM IC DATA SUMMARY LINES 1-4
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Seismic Data Summary Line 1 |
Distance (feet) Surface elev. Bedrock elev.
-20 3275 .5 3191.8
0 3275 .5 3181.5
40 3275 .5 3195.1
80 3275 .5 3192.4
120 3275.5 3185.9
160 3275 .5 3174.3
200 3275 .5 3181.5
240 3275 .5 3177.0
280 3275 .5 3156.1
320 3275 .5 3154.4
360 3275 .5 3171.0
400 3275 .5 3187.6
440 3275 .5 3186.0
460 32 7 5 .5  . 3185.1
480 3275 .5 3178.7
520 3275 .5 3171.2
560 3275 .5 3163.6
600 3275.5 3158.4
640 3275 .5 3156.1
680 3275 .5 3153.7
720 3275 .5 3151.2
760 3275 .5 3148.8
800 3275 .5 3146.3
840 3275 .5 3136.3
879.4 3275 .5 3128.5
918 3275 .5 3120.8
940 3275 .5 3117.0
960 3275 .5 3114.6
1000 3275 .5 3108.8
1040 3275 .5 3103.0
1080 3275 .5 3097.6
1120 3275 .5 3095.6
1160 3275 .5 3093.5
1180 3275 .5 3099.2
1200 3275 .5 <3104.8
1240 3275 .5 -3126.1
1280 3275 .5 3136.6
1320 3275 .5 3141.8
1360 3275 .5 3148.9
1388.3 3275 .5 3157.4
1440 3275 .5 3165.6
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Seismic Data Summary .ine 2
Distance (feet) Surface Elev. Bedrock Elev.
-20 3273.1 3132.3
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Seismic Data Summary Line 2A
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Seismic Data Summary Line 3
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Seismic Data Summary Line 3 Continued
Distance (feetl Surface elev. Bedrock elev.






2319.6 3274.2 3065 .0





2579 .6 3271.9 3096.1
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Seismic Data Summary Line 3A
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Seismic Data Summary Line 4
























880 , 3205.0 3028.1
920 3205 .0 3029.1
960 3205 .0 3031.5
1000 3205.0 3032.7
1040 3205 .0 3036.1
1080 3205.0 3038.5
1120 3205 .0 3055.7
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APPENDIX B; MONITORING WELLS MW#1-MW#7 
CONSTRUCTION AND LITHOLOGY LOGS
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P ro jtc t No. 
W tll L oettion  
Contract*
Client Well No.
0« to  ln:t#ll#d
MathoO
Monitoring Well Construction Detail
Maaaurino Point 






M easuring  P t. 
Top Of PVC
,Top of Sta* Quwd PIpa 
Top of Ria* Pipe
. Ground Surface 
^Bottom of Guard Pipe
,  Ria* pipe:
Length
Inaida Dlamat* (101 
Type of M «ari*
Top of Bantonita S a *  
Bantonita S o *  TNckneaa 
Top of Sand
Top of S*aen






Typo/Siza of Sand 
Sand Pack Thicknaat
Bottom of Scraan













+ 4 '  End Cap
Figure B-1. Well Construction





C3«nt AflCO Well No. MW#1
N of Mghwcv IQ Nocf Ventec» Viftcc*, MIgeüo. MT
Icrd c r d  W cter Cerajtino Melhcd Pcrwcfd Hotcrv
Ccta in tc iod
M onitoring Well Construction Detail
M ocïiïfng Point 
for Sufvoying & _ 









Top of Risaf Pipa 2.22 3203,35
.SicmdSufcsa 0 3201.13
Scttern of Guod Ppa 2.5 3K863
Pisat pca:
Length :y
InsiCa Cicmataf CE) AT
Typa et Mcranel PVC
Top ef Eanfcrifa Sad 2778 3),3%
Eentertfa Sacl Chccass . _ 2
Top of Send 20 78 3Î71.3Î.
Top ef Scraan 32.78 3148.35
Stcd&ad Wotar Levai 38 3143.13
Screen:
Length _
'rada Cic-rater CE) o r
Slot Ska _ 3.C2
Type of Met end PVC
Type/Ska of Sere IC-20CSSI
Send Pock ThiCkrao 23 ::
Bottom of Screen 57 78 3143 78
Bottom ef Tel Pda:
«1* L'.e Cop
Length a
Bottom of Bcrahcia £0 3141.13
8* dicmatar Ocranola £3 cnar saciiTiant saitlad
Measuring Point DescripHon 
Top of PVC
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Lithologie Log
Pro|«eh Heitoof* A qulfx  îm dv
Faotum : Monffof W«B IratqfltHlcn
Jo b  No.: HW-004
Lecollon: N el Hlqhwoy 10 noo t V cntogo VWoqo
ScoH C oi iitng  
Difllon O 'itoofo W m ng/O euq :* c k
M olhod: PWpaOT. (gulp.: 040K
Omiing Infonralton 
W*« No.: MW»1














9/1 ï , ^
38 8C3

































Sandy Gioval, m odty orgimto, vodou# 
colotoO, som o roddlit) guaitd to , 
angu lar,poo  itzo.
smy Send with (-5%) gravol, sand  I* 









Sandy s a  with (-5SU grovol. tino to 
p o o  SÜ O . orgin to  a n d  guaitzlto, sut 
Is braw n.
cuttings 35
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, Lithologie Log
Fro|«ct; HeUpot# Aaulfw Mutty
F«alum : Monitor w*« InxtcltoHon
DrllDng Inlormotlon Poç* 2 of 2
WolINo.: MWtl Beitng Mo.:  I




Location: N of Highway 10 nocr V onicqc VBcqo
G col/B ig : ico llg o a W n q







M othod: FWOJOT. Equfp.: D40X SrouRCwetof
Eovcllcn: 31U.13
Copth Qrophlc Scmplo Sample Ceoth: Weier
In foot; log; Tvoo; Ftem: To: level:
40-
41- 
4S- g# Ceyoy Stcvol, flr.o to escno. up !o -1/2* dc.. subround, egiHlt# end qucrtsto. eudngs 40 45
43.
U -
4S* an. Send and Srcvol, fine to pee eutKngs 45 SO




SO* sm, send end erevd,nno to poo CuWng* ■ so a
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Project No. K92C3C4 aent AflCO Well No. MW#2
WeS Loccticn Hellccte C e n v e n  N eer Ecst Mlaoolo








Monitoring Well Construction Detail
MecsLiinQ Point 






Meosuiing Point DescripHcn 
Top ot PVC
_Too of Steel Guord Pipe 
Too of Caer Pipe
.GoLTdSurtco*
_ Bottom of Guc’d Pipe
_ffiser pipe;
Lergm
Iraice Cicmeter (1C) 
Type cfMoterie!
Too of Bentonite Sec: 































53.77 cfter sedim ent settled
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Lithologie Log
Pto|*ch Hellgof# Aqullor Study Ortlling Intormotlon Page 1 of 2
F*atur«: Monitor Woll IrBtoitotlon Was No.: MWI2 Soring No.: 2
.'Ob Noj H92-004 Data
Stcrtad:
Dote
9 ! M / n  Completed: 9/14/92










Method: FWOROT. Equtp.̂  D40K Groundwater
BavcHon: 3173.48
Dopth Grophle Uthologle Ooicrlptlcn Sample Scmpt# Oeetti: Water


















Sand and Gioval, c c o im  land and 
On# to p#o dz# giav#l, subongular 













Sand and Gravol. dmilor to abov# 
with >%sand (-40%)
Snty, Sandy, Gravai, On* to coots# 



















(Sroval, fh# to p#o dza. subtound 









Sandy, saty Gravai, tin# to pad dza, 
subrouid to subongUv, argtnitas 
and quartzltat.
cuttings 35 42 35.7 BGS 
9/14/92
-
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Lithologie Log
Pto)»cfc H«Hqot» Aquiff MHdy
Faoftjra: Monitor Woll Imtoltotlon
Drilling Information Pag# t e l 2
Woll No.: MWIÎ Poring No.;  î
Job No.: H93-OU Data
Slorlad:
Data
9 / \ t / n  Cemplolod: P/14/72
location: Naor 1-70 E. MInoulo bdt
Cool/Hng: Scott Coatrinq
Dtlilat: O'Kaofa Drimng/Deug Sock










oapm Groptile Uttiolegic DascrtpHon Sompla Samola Doolti: Wctar
Infaai; log: Typa: Frcm; To: I s v t l :





Gravât, tina to eoena (up to -1/2* 










• «»• • »f,
1 ♦. •




to coorsa, gravai Is llna, angular.
54





-1/3* diaj, angular, ossortad 
colors ot crgSllta with pink auerlzila.
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W#U Location N of l-CQ. - VÎ mil* Seat of Pof Ct. Bd.
Ccntrcctor Lend end Wotar ConaUting Method fcrwerd Petcrv

























Measuring Point Description 
Top of PVC
_Tco ot Steel Guard Pipe 
Too ot Riser Pipe
.Ground Surface 
_ Bottom cf Gucrdripe
.Riser pipe: 
lengA
ïrside Cicmeter ;!C) 
Type ct Mcrenc!
Top ct Bentonite Bed 






Insice Cicmeier ;'CI 
SIct Sde
Type ct McteriO











?5 ctter sediment settled
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Lithologie Log
AoMck Holtgato AquKor Study Drilling Inlormatlon Pago lo t  S
F*ofut«: Monltof Won Irafqltotlon Woll Noj MW»3 Boring No.: 3













level: 74 8 BGS
Molhecb fWBROT. Equip.: D40K Groundwater
BsvaHon: 3I98S2
Ooptti ©rqpMe Uthologle OotcifpNon Sample Scmolo Décrit; Water















Sandy Giovol. lan d  I» a t abovo 
gravol, pod dzo, tubongulcr to round 







Sand and Gravol, lond b  coono, 
gravol. lino to poo dso, -60% 










Sand and Gravol, m d  b  lino to 








Sand wim Gravol (-20%), Mnd b 
wbround to angular, mostly quartz 
and argllllto grains, gravol b  lino lo 
p o d  dzo, poorly lorlod,subround to 









Sand an d  Gravol, lan d  b  poorly 
sorted, lino to eoorso, ^ev o l b  mod. 
wo8 sorted, po p  dzo orgWlto and quartdto.
cutting* 38 SI
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Lithologie Log
Pro|#el: HoltQoto Aqultof Study Drilling Infoimalten Pago 2afS
Faotura: Monitor Wo3 Indoltotlon Woll No.: MWI3 Boring No.: 3














Method: FWOBOT. Eoutoj 040k ©roundwatof
Bovotton: 3193.32
Dopth Craphic UltMloglc Ooieriptton Sompio Somolo Doclti: Wolor

























Ctoyoy snty ©rovot, mod. woll lorlod, 
poo dzo. argllllto and quomzito 











snty Sand. 3no to vory cetno. 






snty ©rovot. med.woa lortod. poo 












snty Sandy ©rovot. poo dzo. mod. 
wo# (ortod. aubieind to round. 
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Lithologie Log
Ptol*ch Hallgot» Aquif» «vidv
FoohJf»: Monitor Well Iwtallollen
Job No.: HW-004
Lseotien: N. of 1-90-t/a ml» W. ef 0—r Crook W.
Sool/Eng: icott GWitng
OMHon O'K—(» Orimna/Povw lock
OrUlIng InlotmoHon 
W*B No.: MWO
































Sllty Send wtm Gravai, p#a die. 
Gfdval. mod. w#i iortod. p#o sic#, 















Gravai, dmiler to cbovo but eontoln: 
«noB X  Coy.
Sand with Gravai (-10%). rand I: 























Sondy Coy#y Gtovel. mod. w#B 
railed. Un# lo eocna. rabongulor to 
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Lithologie Log
ProMck Hoilgoto Aoullor Study Drlltlng Intormotlon Pago 4otS
Fsohirs: Monitor Wo8 Irartotlotlon Was No.: MWH Soring No.: 3
Job No.: N92-004 Dcto
Slortod:
Doto
v n n  Complolod: 9/11:92










Molbod: fBWROT. Couk)-- 040K Groundwclor
Bovotton: 3198.32
Dopth Graphic lithologie Ooscilptlon Sompio Scmolo Doolh: Wolor








































Sandy Gravol, tond It eoorto, 
grovot b tlno to coono (up to -1J’ 
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Aoleci: Hongoto Aoullor JIuOv Dfllltng Informallon Pogo 5CIS 1
faotura: Monitor Woll Irolollallon Woll No.: MWI3 Soiing No.: 3
Job No.: H92-004 Doto Doto
Slortod: 9/9/92 Complolod: 9/9/92 1
lacallon; N. ol 190. -1/2 mio W. of Door Crook 50.
Greundwoior Obtoivallons
6 «ei/Eng: Scott Godilnfl
Cosing Wolw
OilHon O'Kooto Oiimng/Ooug 5ock Bovollon: 3274S6 lovol: 74 5SSS
Molhod: FWOROT. Equip.: D40K Greundwoior
Bovolton: 3195 52
Dopth Graphic Ulhoiogle DotcripHen Sompio Scmolo Oocth: | Wolor















































H 92004 Client AHCO
Mellgate Park. Missoula. MT
Wen No. MW#4
Land and W ater Conaultmq Method Forward Rotary
Oate Installed 9 /22  92
M onitoring Well C onstruc tion  Detail
M easuring Point 
for Surveying & _ 
W ater Levels
C oncre te  Pad
B entonite _ 
G rout
7.25** diam eter borehole
Measuring Point Description 
Top of Steal Casing




Inside Diameter MDI 
Type of Material
Stabilized W ater Level 
Bottom of Grout
Formation
Top of Perforated interval 




Bottom of Perforated 
Interval
Bottom of S tee l Casing 
Bottom of Borehole 
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Lithologie Log
Pro|#ck H>llqol« AquHf SKidy
Factura: Mon llor Wall IfatoltoDon
Drilling IMormotlon Pgga I of 3
WalMo.: MWM ioitng Ne.:  4




locollon: Haltgota Pqifc. Mlaeute. MT
Gaol/Eng: Scott CaaWng
DflUar: O'Kaafa Dillllnq/Oouq Sack
Gioundwotar Obwnrotlona
















10 -  •
12-
Blown sut with -S% paa gravai, 
roundad.
Brown sut.
sniy Send, Une grain.
Sondy Gioval ond Cebbias, Itna 
lo vary cocrsa gravai, subongular te 
angular.
Silly. Sandy, Gioval, llna le eocna, 
subongular te angular, argiintas ot 
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Lithologie lo g
Pro|«ch Heilgote Aoulfef Study Drilling tnfotraollon Page 2cfS
F«a1ur«: Monltw We* trofoltotfon Wen No.: tiSWi* Boring No,: 4
Job Nô Hn-oo* Dote Dote
Started: 9/21/92 Completed: 9/22/92




Ortn«r: O'keete Dtflllng/Doug Beck Bevollon: 320Z97 level: 30 BGS
Method: FWO HOT Equips DkOK Groundwater
Bevatlon: 3170.t
Depth Gtopltle umetogic Oesotptlon Sample Sample Oeoth; Water
Infeet: lo* Type; From: To: level;
Ooyey Srevel, fine to eoone. cuttings 40 SS
ubongulor to engulor, oooiled
eoton of arglinte with pinkish
quoUto.
: ; Sfovel and Cobbles, fin* to coots#, cuttings ss 65
-7n crgllSte with <10% quortzjl*.
Gtovel and Cobbles, giovel Is cuttings 65 70
coats*, cobbles, ajbongutot,
aiginto end quortate.
Gtovel. pee size, mosfly puipl* cuttings 70 75
otgimi* srtlh olhet ossort*d eolots.
Grctv*l with -S% Cobble*, gravel k cuttings 75 BO
Nnetoeofpse. -Tnorgfllltoond
-ao%qwaittlto.
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Lithologie Log
Piol«:h Nollgoto Aqultor Study DrtPlng Information Pogo 3ot3
Monitor Wo5 trotallaKon Wo5No.: MWS4 Boring Mo.: 4














Molbod: FWOIOT EdUlP.: D40K Groundwator
BovoMon: 3170.1
Dopth Sraphic Ulhologtc OorciipHon Sompio Somolo Oootti; Wolor




















Grovot, tlno to vory eoarso, 










Sand, lino groin, contains 5% 































ter^d and Wcter Ccnrjltiro Mettled Porvrerd Retcrv
Ccte Iratcled P/2I/P2













Ground Surtece 0 3257 09
Bottom ot Guord Pipe 3
Bserpiee:
Lergtti w.ia
mace Cicmeter CC) icr
Type ef Mcretid =VC
Top of Sentcnite Sect _______
Bentonite Seci THcic-.ea , -“ A
Top cf Send 60 ., 31=7,09.
Top cf Screen ' _ 62,3 3105=9
Stccilked Wcter Level 6*3 310CSO
Screen:
Length :s
'fade Cicmeter (1C) . .  3 "
SIct Size
Type of Vcrerid =vc
Type/SzecfScnc 10-:: css
Send PccirThiCiCeo :-3
Bcftcmcf Screen ST 3 2i:c,S9_
Bcltcm of Tdl Ppe: =7 3 3I6C-S9_
Length •= *3* eno Cop
Bottom of Bcrencie 3: 3C05 09
8" ciCTieler Corenele
Measuring Point Description 
Top of PVC
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Lithologie lo g
Ptoh»ch Holtpoto Aoutfor Study Orniing MetmaHon Pogo lots
F«clura; Monitor Won trstoltotton Won No.: MWiS BciAig No.: 5
JobNoj H92-Q04 Dcto Doto





Oriltof: O'Kooto OitlHno/Doug Bock Bovotton: 3259.77 lovol: 67 4 BGS
Method: FWDBOT EquB».: D40K Groundwator
Bovctlon: 319059
Dopth Ctophle Uthologle Dooettplton Sompio Somolo Oooth: Wolor
In foot: tog; Typo: Prom; To: lovol;
0- Ctoyoy Son, organic itch, dork brown. cuttings 0 1




S- Sandy Grovot. sand It cooiso, brown, cuttings 5 10
«- grovot It poo si», subongular.
7- orgimto and quartbto.
*. -
io­ Sand and Grovot. sand Is coar». cuttings to 20
n- grovot It poo si» to -1/2* Dto..
12- subrevmd to ongulor. orgfllltoo ef




17- : . ; . V
15- 3:u\v-'v.
19-
20- Sllty Sandy Grovot. poo stzo. cuttings 20 47
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Lithologie Log
Pioi*cl: H»Hqqt» Aquitt *wdY onninQ Inloirraiien







32SIJ7 lovol:CKoofo Odinng/Peug Bock





Sond wHh -$% Cfovol. nnd b flno.
cutHngisa wim - 10-20% «and ata grovol, 





Sond wth -10-20% grovol, und Is 




cuttlngsCloyoy Sorta wWi mud oneiurtod 
grovol, «and b lino le eeorso, giovol 
b poo rtzo, roundod, mod woO 






obevo but iflgtilly rtlly. euMngs
m80-
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Lithologie Log
Ao|#ck Hongofo Aqulfor Study Drilling Morrnollen Pago 3ol5
F«atur«: Menllof Woi Irotollolton Woo No.: MWIS Sortng No.: 5













Lovol: 67 4 9GS
Molhed: FWDtOT Equip.: D40K Groundwator
BovoRon: 3190i9
Dopm Graphie Ulhologtc DoocitpMon Sompio Somolo Ooolti: Wotor






Gravol, pod lo -1/2* did. lubreund 











































Grovol, Rno to 11/2" dlo. poorly 
oertod, orgflRto and quortzlto.
cuttings 105 145
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
180
Lithologie lo g
PT0|#ck HeUgot# Aqultf îhjdy













OrOar; O'Kaafa Piffllng/Poug Sack






























































Grevai, mojfly pao aUa wtm • 20% 
r dkL, wbrounO te onguler, moy 
cofMJn cloy Claris.
cut!1t:gs 145 162




F«alur«: Monitaf W«# IwtaHotlon
Job Noj HW-004
LecoNon: te tM to o u lo __________
DriUlns Inlomotlon 
W«lt No.: MWiS







Caol/Eng: S ee ttCaalrtng
DrtIIar. O'Kaafa OrtSIng/Doug iaett



























































H Badiock, Arglinta, fitabla, Sghl graan. 
Endof lartng
cutttngi 162 164





W20C4 a«nt AiîCO Wen No. MW#é
C ew  Creek BO. Ecst of Bendm enn BWrie»
Lend a n d  We»af C einü tinq  M ethod fcnvcrd Botetv
Ccte Inteiled













Tcp of Steel Gucrd Pipe 2.26 2252 54
Top of Rdet Pipe .............2351.66
.Gfccnd Sufcce 0 3250.28
Bcttem of S ued  P'pe 2.3 32477.48
Riser pipe:
Length 45
Inside Cicmeter CCt 4T
Type of Mctertcl ..........................ÎÆ ,
Tcp ef Sentcnite Sect ....36.62. „ . 3213.66
Sentcnite Sect Tnictnea 3Ï
Top cf Send 4C.12 32!0.!6
Tcp of Screen «.62 32C666
StcPiSzed Wcter Level 483 32-0.78
Screen:
Lengdi ......... .......... - .....
Insice Cicmeter ::C) 4C-
SIct Size C.C2
Type ofMcterci =vc




8' dicmeter dcrehcle c3 cfter
Measuring Point Description 
Top of PVC
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Lithologie log
Pro)*cfc Heltgote Aeutfer Shjdv Dfimng Infermclton Poge 1 of 2
Monttaf Wei tmtallaffen Wei No.: MWI4 Boring No.: 4














level: 45 ! BGJ
Method: FWD80T. Equtx: 040K Groundwater
Bevatlon: 32I07I
Depth CropNe Ulhotogle Deeciptten Somple Samole Deotti: Water
In feel: tog; Type: From: To: level:
0-
»•




















15-ii Stmilar lo above but with-10% gravel. cuttings IS 19






Cobble# end Boutden, with -5% 







lendy Gravel, «end it eeeite, gravel 












sbnla »B above with-5% Cobbiee. cuttings 35 36
35-
39-
40-mSend, Grovel end Cobble#, eoener then above with let# sand. cuttings 35 40
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Lithologie Log
Ptolael; Hettpote Aqutlec Study Drilling Intoimotlon Poge 2 ot2
F«atuni: Monitor We5 Iratanotton Well No4 MWI4 Boring No.: 4
Job NO.: H92-004 Dote Date
Slotted: 9/2/92 Completed: 9/3/92




Otflltr: O'Keefe OitRlnp/Deug Beeic Bevatlon: 3251.44 level: 45 5 BGS
Method: PM) ROT EculOJ D40K Greundwoter
Bevatlon: 3210.78
Depth Gropttlo Ulttologic DeieilpHofl Sample Sample Deotti; Water
In leek Log: Type; From: To: level:
WO. Sond and Gravel, wand is coarse. cuttings 40 43
11- grovel Is pea size, rounded, orglMte
42- ondouortzite.
43 snty Sond, fine grain. cuttings 43 45
44-
45 Sand wllh Gtovel, send Is tine to cuttings 45 SO
44- coarse, gravel Is pec size, leunded
47- orgimte and quortzlte.
45 iVf.:.:.'-.'.:: 45.5' BGS
49- 9/3/92
50- Clayey Sond and Grovel, sand is cuttings SO 45
51- cocise. grovel Is pea size lo coarse.
















45 StinJlerle above, wllh coarser cuttings 45 70
49- gravel and cobbles.
















H92C04 aent AfiCO W«n No. MW#7
Necr l-CQ/Oaef C.-eek % . Qverceg
lend  end Wcter Ccr^ltinq Method Fcfvucrd Potctv
Cole Irstctled 0/0/OÎ
Cepth kom Eevcttcn











M onitoring Well C onstruction Detail
S' cicmeter bcrencie
Measuring Point DeseiipHon 
Top of PVC
Top of Steel Sucre ~pe 
Top of Riser Pipe
Ground Surfcee 
Sottem of G uce rp e
Riser pipe:
Length
'fade Cicmeter (:C) 
Type of Mcehci
Tcp of Sentante 3ed 
Bentonite Sect Thdmea
:233.T5










Bottom of Tel r'ps;
Length 
Bottom of Bcrencie 
7S cfter sediment settled
J V C
3183.75
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Lithologie Log
FeolUf#: Monltof WH ImtoHatlon
Job No j HW-004
Pto|«efc HUoot» Aquffo 8lu<)v OrnPng Mormaflen Pag# I ol 2
W«ONô  MWP7 Boftng No.:  7
DaM
Startab:
LocaPon: N#of l-90/P##> Creek Id. Ov#rpo»
Seel/Eng: Scott Seetting























Gravel end cobble#, orgiinte and 
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APPENDIX C: WELL SURVEY RESULTS














HG-1 3,207.74 3,210.28 2.54 120.0 WLM
HO 2 3.259.80 3,262.27 2.47 87.0 WLM
HG-J 3,258.32 3,260.87 2.53 WLM
HG-4 3,228.18 3,229.28 1.10 WLM
HG-5 3,274.99 3,275.27 0.28 WLM
HG* 3,324.77 3,326.45 1.68 WLM
HG-7 3,264.76 3,263.64 0.88 WLM
HG-« 3,216.44 3,218.29 1.83 WLM
HG-9 3.220.80 3,222.80 2.00 WLM
HG-10 3,215.43 3.216.34 0.91 WLM
HG-ll 3,212.83 3,214.23 1.42 WLM
HG-12 3,275.69 3,278.01 2.32 138.0 WLM
HG-13 3,236.27 3,236.72 0.45 WLM
HG-U 3,267.01 3,262.69 4 32 WLM
HG-I5 3.266.22 3.258.98 -7.24 WLM
HG-I6 3,320.86 3,322.10 1.24 50.0 WLM
HG-17 3.263.30 3,263.49 0.19 WLM
HG-18 3.261.41 3,263.77 2.36 WLM
HG-19 3,272.90 3.267.03 -3.83 WLM
KG-20 3.286.81 3,288.28 1.47 WLM
HG-21 3,296.28 3,297.31 1.23 WLM
HG-22 3.293.59 3.293.89 -0.30 WLM
HG-23 3,293.32 3.293.10 1.78 WLM
HG-24 3.298.34 3,300.00 1.46 WLM
HG-2S 3.286.60 3,287.90 1.30 WLM
HG-26 3.291.03 3.293.11 2.06 WLM
HG-27 3.274.34 3.275.61 1.27 WLM
HG-2S 3,271.87 3,272.87 1.00 WLM
HG-29 3.213.87 3,217.54 1.67 WLM
HG-30 3,213.72 3,217.47 1.73 WLM
HG-31 3,270.74 3,272.71 1.97 WLM
HG-32 3,262.64 WLM
HG-33 3,258.83 3,260.41 1.38 WLM
HG-34 3.290.90 3,292.72 1.82 WLM
HG-3S 3,217.84 3,218.68 0.84 WLM
HG-36 3,254.42 3,248.71 -5.71 WLM
HG-37 3,219.41 3,221.33 2.12 WLM
HG-3S 3,269.02 3,273.36 4.54 40.0 WLM
HG-39 3,259.39 3,260.98 1.39 WLM
HG-OO 3,264.32 3,258.22 -6.30 WLM
C-4 3228820 WLM
C-S 3284.58 WLM
HLA-1 66.3 20.00 3,301.44 3.234.94 3,301.73 1.03 94.3 WLM
HLA-2 38.5 20.00 3,262.62 3.204.12 3,262.94 0.32 82.0 WLM/SAMPL
M-16 3,272.63 3.272.63 3,274.07 1.42 WLM/SAMPL
M-17 3,271.87 3.271,87 3,273.00 1.13 WLM/SAMPL
MW#I 32.78 23.00 3,201.13 3,168.33 3,203.33 2.22 WLM/SAMP
MW#2 28.77 23.00 3,209.38 3.210.61 3,180.61 1.23 WLM/SAMP
MW#3 23.00 3,273.62 3.274.56 0.94 170.00 WLM/SAMP
MWM 78" 17" 3,200.10 3.122.10 3,202.97 2.87 WLM/SAMP
MWiTJ 62.4 25.00 3,257.99 3.195.39 3,239.77 1.78 WLM/SAMP
M W « 43.62 25.00 3,230.28 3,206.66 3,251.66 1.38 162.0 WLM/SAMP
M w r? 49 25.00 3.260.73 3,211.73 3,261 75 1.00 WLM/SAMP
2 _ — 3303.60 — 3303.83 2.23 WLM
19 ____ 3276.80 — 3279.48 2.68 WLM
29 ■ ■ ------- 3302.27 — 3303.82 1.35 WLM
32 — — 3301.17 — 3302.94 1.77 WLM
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WcO Depth Scree* Ground Elet, Elee. Depth to hirpo«e
No. toTOS Length EICTadoa to TOS TOC Stkh-QD Bedrock ofWeO
99i 110 1 5.00 3,290.51 3,180.41 3,292.52 2.01 121.1 WLM
99b 73.7 5.00 3.290.51 3,216 81 3.291.88 1.37 121.1 WLM
100* 53.37 5.00 3,277.49 3,224.12 3,276.98 -0.51 49.0 WLM
lOOb 39 26 5,00 3,277.49 3,238.23 3.276.99 -0 50 49 0 WLM
lOI* 55,33 5.00 3,273.57 3,218.24 3,272.84 -0.73 61.0 WLM
:0)b 70.4 5.00 3,302.24 3,231.84 3,303.74 1.50 94.0 WLM
104* 95.7 5.00 3300.44 3204.74 3301 21 0.77 84.8 WLM
104b 79.6 5.00 3300.50 3220.90 3301.50 1.00 84.8 WLM
105* 118.9 5.00 3293.63 3174.73 3295.74 2.11 125.6 WLM
105b 89.1 5.00 3293.63 3207.53 3295.85 2.20 125.6 WLM
105c 67.1 5.00 3,293.89 3,226.79 3,295.26 1.37 125.6 WLM
106* 116.0 5.00 3280.66 3164.66 3280.11 -0.55 131.0 WLM
106b 69.8 5.00 3280.62 3210.82 3280.47 -0.25 131.0 WLM
106c 100.0 5.00 3280.62 3180.62 3280.34 -0.28 131.0 WLM
108* 91.1 5.00 3.268.39 3,177.29 3,270.78 2.39 114.0 WLM
108b 39.9 5.00 3,268.68 3,228.78 3,270.59 1.91 114.0 WLM
109, 120.8 13.00 3,275.55 3,154.75 3,276.48 0.93 144.0 WLM
109b 93.0 5.00 3,275.54 3,182.54 3,278.54 3.00 144,0 WLM
110* 131.1 5.00 3288.87 3157.87 3290.70 1.73 145.0 WLM
IlOb 65.5 5.00 3289.63 3224.13 3290.51 0.88 145.0 WLM
111* 138 5.00 3292.09 3154.09 3293.29 1.20 151.0 WLM
l l l b 83.9 5.00 3292.09 3208.19 3293.15 1.06 151,0 WLM
904 51.5 10.00 3,296.90 3,245.40 3,296.71 -0.19 68.0 WLM
905 54.7 1.80 3,300.10 3,245.40 3,299.77 -0.33 69.5 WLM
907 31 10.00 3,271.20 3,240.20 3,270.89 -0.31 43.0 WLM/SAMP
909* 57.2 10.00 3,267.40 3,210.20 3,269.31 1.91 71.0 WLM
909b 25.25 15.00 3,267.70 3,242.45 3,270.12 2.42 71.0 WLM
914 90 10.00 3,264.40 3,174.40 3,266.07 1.67 120.0 WLM
915 40 15.00 3.274.90 3,234.90 3,276.63 1.73 WLM/SAMP
916* 87.5 10.00 3.276.40 3,188.90 3,276.07 -0.33 101.0 WLM
916b 68.5 10.00 3,276.40 3,207.90 3,276.17 -0.23 101.0 WLM
917* 90 10.00 3,274 60 3,184.60 3,276.62 2.02 104.0 WLM/SAMP
917b 70 10.00 3,274.60 3,204.60 3,277.02 2.42 104.0 WLM/SAMP
919* 165 10.00 3,275.30 3,110.30 3,277.73 2.43 178.5 WLM
919b 130 1000 3,275.30 3,145.30 3,277.85 2.55 178.5 WLM
920 46.2 10.00 3,269.20 3,131.20 3,274.93 0.73 60.0 WLM/SAMP
921* 62 10.00 3,268.20 3,206.20 3,270.58 2.38 75 5 WLM/SAMP
921b 41.3 10.00 3,268.20 3,226.90 3,270.81 2.61 75.5 WLM/SAMP
922* 143 10.00 3,274.20 3,131.20 3,274.93 0.73 157.0 WLM
922b 107 10.00 3,274 20 3,167.20 3,275.16 0.96 157.0 WLM
922c 76 10.00 3,274.20 3,198.00 3,275.32 1.12 157.0 WLM
923, 75 10.00 3,268.50 3,167.50 3,270.43 1.93 116.0 WLM
923b 101 10.00 3,268.50 3,193.50 3.270.48 1.98 116.0 WLM
' p«rforaled inieival
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APPENDIX D: STATIC WATER LEVEL DATA
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Static W ater Level M easurements Methodology
The elevations of domestic wells HG-1 through HG-40 and monitoring wells 
MW# 1-7 were determined by surveying. Elevation data for the remainder of the wells 
in this study were reported by ENSR (1992). See Appendix C for survey results. The 
top of the outer casing or a fixed point on the PVC was the point o f measure for each 
well. To ensure consistent measurements, all water level readings were taken from 
fixed reference points. After accessing the well, a steel tape or a Solinst water level 
indicator was lowered and the depth to water recorded to the nearest 0.01 foot. To 
help ensure static water conditions in the domestic wells, simple pump tests were 
conducted on a majority of the wells. The water level in the test well was recorded 
prior to pumping. The pump was then turned on for a few minutes, and the water level 
recorded during pumping and again when it was turned off. I continued to take water 
level readings and recorded the amount of time for the well to recover to prepumping 
levels.
When collecting static water levels (after checking to make sure that the pump 
was not active), I allowed sufficient time to elapse for the well to reach static 
conditions prior to collecting readings.
Well locations were plotted on a base map either by using plat maps in 
conjunction with aerial photos or by digitizing their location off of maps prepared by 
other workers.
Static W ater Levels
The well monitoring network grew to incorporate a total of 102 wells. After I 
was granted access to monitoring wells near Milltown, the majority of the wells were 
monitored from October, 1992 through July, 1993. Prior to October a number of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
193
domestic wells were monitored to establish ground water flow directions and establish 
the interaction between the Clark Fork River and the Milltown to Missoula Aquifer. 
Table D-1 denotes the wells which were monitored.
2 105a l l lb 919a C-5 HG-12 HG-24 HG-36 MWW
19 105b 904 919b HG-1 HG-13 HG-25 HG-37 Mwri
29 106a 905 919c HG-2 HG-14 HG-26 HG-40
32 106b 907 920 HG-3 HG-15 HG-27 HLA-1
99a 106c 909a 921a HG-4 HG-16 HG-28 HLA-2
99b 108a 909b 921b HG-5 HG-17 HG-29 M-16
100a 108b 914 922a HG-6 HG-18 HG-30 M-17
100b 109a 915 922b HG-7 HG-19 HG-31 MW#1
lOia 109b 916a 922c HG-8 HG-20 HG-32 MW#2
101b 110a 916b 923a HG-9 HG-21 HG-33 MW#3
103b 110b 917a 923b HG-10 HG-22 HG-34 MW*4
104a Ilia 917b C-4 HG-ll HG-23 HG-35 MW#5
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Static Water Levels for Domestic Wells
DATE HG-1 HG-1 HQ-2 HG-2 HG-3 HG-3 HG-4 HG-4 1
3210.28 w t «lav 3262.27 wt «lav 3260,87 wt alav 3229 28 wt alav 1
4/17/92 38.14 3172.14 77.25 3185.02 71.87 3189.00 35.86 3193.42
4/24/92 37.07 3173.21 76.67 3185.60 71.11 3189.76 35.22 3194.07
5/19/92 33.86 3176.42 73.30 3188.97 68.38 3192.49 pumping
6/3/92 33.72 3176.56 73 .10 3189.17 68.14 3192.73 32.24 3197.04
7/6/92 34.10 3176.18 73.66 3188.61 68.67 3192.20 32.85 3196.43
8/3/92 36.26 3174.02 75.05 3187.22 69.92 3190.95 33.97 3195.31
9/1 2/92 37.82 3172.46 76.94 3185.33 71.52 3189.35 35.61 3193.67
10/8/92 37.97 3172.31 not home 71.74 3189.13 35.86 3193.42
11/7/92 38.46 3171.82 77.49 3184.78 72.14 3188.73 36.26 3193.02
12/7/92 39.74 3170.54 78.94 3183.33 73.42 3187.45 37.49 3191.79
1/4/93 39.29 3170.99 79.08 3183.19 73.31 3187.56 37.38 3191.90
2/5/93 38.75 3171.53 79.69 3182.58 72.66 3188.21 36.88 3192.40
3/6/93 40 .65 3169.63 79.37 3182.90 74.15 3186.72 38.34 3190.94
4/6/93 38.34 3171.94 78.04 3184.23 72.48 3188.39 36.59 3192.69
5/7/93 35.14 3175.14 76.01 3186.26 70.10 3190.77 34.34 3194.94
6/4/93 30.10 3180.18 69.61 3192.66 65.82 3195.05 29.29 3199.99
7/7/93 31.48 3178.80 71.25 3191.02 67.29 3193.58 30.76 3198.52
DATE HG-S HG-S HG-6 HG-6 HQ-7 HG-7 HG-8 HG-8
3275.27 w t alav 3326.45 w t elav 3265.64 w t alav 3218.29 wt alav
4/17/92 133.01 3193.44 22.89 3195.40
4/24/92 82.37 3192 .90 132.47 3193.98 22.22 3196.07
5/19/92 79.53 3195.74 129.69 3196.76 19.37 3198.92
6/3/92 79.24 3196.03 pumping 44.67 3220.97 19.04 3199.25
7/6/92 79.24 3196.03 129.61 3196.84 not homa 19.69 3198.60
8/3/92 81.00 3194.27 131.08 3195.37 30.67 3225.52 20.85 3197.44
9/12/92 82.67 3192.60 132.85 3193.60 36.31 3265.64 22.56 3195.73
10/8/92 82.94 3192.33 1 33.05 3193.40 43.34 3265.64 22.83 3195.46
11/7/92 83.31 3191.96 133.50 3192.95 40.12 3265.64 23.28 3195.01
12/7/92 84.64 3190.63 1 34.64 3191.81 24.46 3193.83
1/4/93 84.56 3190.71 134.62 3191.83 24.46 3193.83
2/5/93 84.87 3190.40 133.96 3192.49 23.83 3194.46
3/6/93 85.36 3189.91 135.38 3191.07 25.12 3193.17
4/6/93 83.90 3191.37 134.01 3192.44 24.38 3193.91
5/7/93 81.61 3193.66 131.70 3194.75 21.60 3196.69
6/4/93 76.16 3199.11 126.23 3200.22 16.05 3202.24
7/7/93 77.74 3197.53 127.78 3198.67 17.56 3200.73
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Static Water Levels for Domestic Wells
195
DATE HG-9 HG-9 HG-10 HG-10 H G -ll HG-11 HG-12 HG-12
3222.80 w t «lav 3216.34 wt «lev 3214.25 wt «lav 3278.01 wt alav
4/17/92 27.29 3195.51 22.03 3194.31 19.44 3194.81
4/24/92 26.62 3196.18 21.38 3194.97 19.01 3195.24 84.80 3193.21
5/19/92 23.77 3199.03 18.50 3197.84 16.21 3198.04 81.54 3196.47
6/3/92 23.44 3199.36 18.18 3198.16 15.88 3198.37 81.24 3196.77
7/6/92 24.11 3198.69 18.79 3197.55 16.51 3197.74 81.83 3196.18
8/3/92 25.23 3197.57 19.92 3196.42 17.64 3196.61 83.05 3194.96
9/12/92 26,97 3195.83 21.64 3194.70 19.38 3194.87 84.69 3193.32
10/8/92 27.26 3195.54 21.91 3194.43 19.60 3194.65 84.97 3193.04
11 /7/92 27.71 3195.09 22.36 3193.98 20.09 3194.16 85.42 3192.59
12/7/92 28.88 3193.92 23.52 3192.82 21.28 3192.97 86.59 3191.42
1/4/93 28 .87 3193.93 23.52 3192.82 21.28 3192.97 86.60 3191.41
2/5/93 28 .30 3194.50 22.92 3193.42 20.65 3193.60 86.98 3191.03
3/6/93 29.50 3193.30 24.27 3192.07 21.97 3192.28 87.34 3190.67
4/6/93 28.17 3194.63 22.91 3193.43 20.62 3193.63 85.93 3192.08
5/7/93 25.86 3196.94 20.66 3195.68 18.34 3195.91 83.63 3194.38
6/4/93 20.48 3202.32 15.15 3201.19 12.85 3201.40 78.17 3199.84
7/7/93 21.99 3200.81 16.68 3199.66 14.40 3199.85 79.73 3198.28
DATE HG-13 HG-13 HG-14 HG-14 HG-15 HG-15 HG-16 HG-16
3236.72 w t «lev 3262.69 w t «lav 3258.98 w t alav 3322.10 wt alav
4/17/92
4/24/92 40.75 3195.97 69.72 3192.97 66.24 3192.74 43.06 3279.04
5/19/92 37.94 3198.78 66.90 3195.79 63.40 3195.58 39.92 3282.18
6/3/92 37.61 3199.11 66.57 3196.12 63.10 3195.88 39.98 3282.12
7/6/92 ■ 38.26 3198.46 67.17 3195.52 63.69 3195.29 42 .74 3279.36
8/3/92 39.33 3197.39 68.33 3194.36 64.89 3194.09 pumping
9/12/92 41.05 3195.67 70.02 3192.67 66.55 3192.43 44.51 3277.59
10/8/92 41 .33 3195.39 66.81 3192.17 43.31 3278.79
11/7/92 41 .70 3195.02 67.30 3191.68 45.45 3276.65
12/7/92 42 .82 3193.90 68.47 3190.51
1/4/93 42 .94 3193.78 68.52 3190.46
2/5/93 42 32 3194.40 68.88 3190.10
3/6/93 43.55 3193.17 69.43 3189.55
4/6/93 42.32 3194.40 67.84 3191.14
5/7/93 40 .08 3196.64 65.42 3193.56
6/4/93 34.67 3202.05 60.02 3198.96
7/7/93 36.16 3200.56 61.56 3197.42
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DATE HG-17 HQ-17 HQ-18 HG-18 HQ-19 HG-19 HG-20 HG-2Ôn
3263.49 wt Slav 3263.77 wt alav 3269.74 wt alav 3288.28 wt alav 1
4/17/92
4/24/92 52.09 3211.40 50.88 3212.89 58.44 3211.30 64.88 3223.40
5/19/92 49.85 3213.64 49.41 3214.36 56.11 3213.63 62.62 3225.66
6/3/92 49.52 3213.97 49.07 3214.70 55.78 3213.96 62.65 3225.63
7/6/92 50 .27 3213.22 49.83 3213.94 56.54 3213.20 63.17 3225.11
8/3/92 51 .24 3212.25 50.79 3212.98 57.72 3212.02 64,36 3223.92
9/1 2/92 52.46 3211.03 52.03 3211.74 58.77 3210.97 65.55 3222.73
10/8/92 52 .88 3210.61 52.41 3211.36 59.17 3210.57 66.02 3222.26
11/7/92 53.32 3210.17 52.80 3210.97 59.57 3210.17 66.62 3221.66
12/7/92 53 .90 3209.59 53.44 3210.33 60.20 3209.54 66.79 3221.49
1 /4/93 53.81 3209.68 53.34 3210.43 60.07 3209.67 66.58 3221.70
2/5/93 53.84 3209.65 53.41 3210.36 60.14 3209.60 67.55 3220.73
3/6/93 54.86 3208.63 54.43 3209.34 61.13 3208.61 68.50 3219.78
4/6/93 54.26 3209.23 53.88 3209.89 not homa 67.70 3220.58
5/7/93 52.05 3211.44 51.92 3211.85 58.32 3211.42 65.38 3222.90
6/4/93 47.88 3215.61 47.46 3216.31 pumping 61.34 3226.94
7/7/93 49 .02 3214.47 48.56 3215.21 55.32 3214.42 62.47 3225.81
DATE HG-21 HG-21 HG-22 HG-22 HG-23 HG-23 HQ-24 HG-24
3297.51 wt alav 3293.89 wt alav 3293.32 wt alav 3300.00 wt alav
4/17/92
4/24/92 72.65 3224.86 71.58 3222.31 68.57 3224.75 73.13 3226.87
5/19/92 70.65 3226.86 67.27 3226.63 66.46 3226.86 73.10 3226.90
6/3/92 70.31 3227.20 66.91 3226.98 66.13 3227.19 72.74 3227.26
7/6/92 71.10 3226.41 67.71 3226.18 66.90 3226.42 73.52 3226.48
8/3/92 72.16 3225.35 68.86 3225.03 68.11 3225.21 74.66 3225.34
9/12/92 73.12 3224.39 69.89 3224.00 69.09 3224.23 75.67 3224.33
10/8/92 73.48 3224.03 70.27 3223.62 69.47 3223.85 76.04 3223.96
11/7/92 73.95 3223.56 70.80 3223.09 69.98 3223.34 76.54 3223.46
1 2/7/92 74.05 3223.46 70.93 3222.96 70.12 3223.20 76.68 3223.32
1/4/93 73.85 3223.66 no accass 69.91 3223.41 76.46 3223.54
2/5/93 74.65 3222.86 no access 70.68 3222.64 77.24 3222.76
3/6/93 75.52 3221.99 72.44 3221.45 71.60 3221.72 78.15 3221.85
4 .6/93 74.89 3222.62 71.81 3222.08 70.97 3222.35 77.56 3222.44
5/7/93 72.96 3224.55 69.77 3224.12 68.96 3224.36 75.55 3224.45
6/4/93 pumping 65.95 3227.94 65.11 3228.21 pumping
7/7/93 70.41 3227.10 66.99 3226.90 66.16 3227.16 72.88 3227.12
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DATE HQ-25 HQ-25 HQ-26 HQ-26 HG-27 HQ-27 HG-28 HG-28
3287.90 w t olov 3293.11 wt olov 3275.61 wt olov 3272.87 w t olov
4/17/92
4/24/92 65.33 3222.57 70.95 3222.16 56.95 3218.66 58.75 3214.12
5/19/92 62.82 3225.08 67.55 3225.56 54.60 3221.01 56.52 3216.35
6/3/92 62 .40 3225.50 67.19 3225.92 54.19 3221.42 56.15 3216.72
7/6/92 63.27 3224.63 68.09 3225.02 55.07 3220.54 56.94 3215.93
8/3/92 not homo 69.28 3223.83 56.21 3219.40 57.95 3214.92
9/12/92 65.85 3222.05 70.47 3222.64 57.48 3218.13 59.12 3213.75
10/8/92 66.31 3221.59 70.93 3222.18 57.91 3217.70 59.60 3213.27
11/7/92 66.81 3221.09 71.51 3221.60 58.50 3217.11 60.07 3212.80
12/7/92 not homo 71.67 3221.44 58.87 3216.74 60.57 3212.30
1/4/93 66.98 3220.92 71.49 3221.62 58.69 3216.92 60.43 3212.44
211593 68.53 3219.37 72.38 3220.73 59.27 3216.34 60.72 3212.15
3/6/93 68.82 3219.08 73.33 3219.78 60.28 3215.33 61.65 3211.22
4/6/93 67.89 3220.01 72.59 3220.52 59.57 3216.04 60.98 3211.89
5/7/93 not homo 70.29 3222.82 57.53 3218.08 58.89 3213.98
6/4/93 61.45 3226.45 66.23 3226.88 52.97 3222.64 54.69 3218.18
7/7/93 67.37 3225.74 54.15 3221.46 55.88 3216.99
DATE HQ-29 HQ-29 HG-30 HG-30 HG-31 HG-31 HG-32 HG-32
3217.54 w t olov 3217.47 wt olov 3272.71 w t olov 3262.64 w t olov
4/17/92
4/24/92 72.00 3190.64
5/19/92 19.14 3198.40 19.10 3198.37 75.68 3197.03 66.83 3195.81
6/3/92 18.82 3198.72 17.78 3199.69 75.32 3197.39 67.33 3195.31
7/6/92 19.45 3198.09 19.40 3198.07 75.99 3196.72 68.20 3194.44
8/3/92 20.57 3196.97 20.53 3196.94 77.12 3195.59 70.58 3192.06
9/12/92 22.32 3195.22 22.28 3195.19 78.82 3193.89 70.83 3191.81
10/8/92 22.58 3194.96 22.53 3194.94 79.09 3193.62 70.75 3191.89
11/7/92 22.97 3194.57 22.90 3194.57 79.47 3193.24 71.92 3190.72
12/7/92 24.27 3193.27 24.21 3193.26 80.73 3191.98 72.75 3189.89
1/4/93 24.22 3193.32 24.18 3193.29 80.76 3191.95 72.73 3189.91
2/5/93 23.62 3193.92 23.57 3193.90 81.10 3191.61 73.08 3189.56
3/6/93 24.96 3192.58 24.93 3192.54 81.50 3191.21 73.59 3189.05
4/6/93 23.57 3193.97 23.52 3193.95 80.07 3192.64 72.89 3189.75
5/7/93 21.26 3196.28 21.21 3196.26 78.73 3193.98 69.14 3193.50
6/4/93 15.81 3201.73 15.75 3201.72 72.38 3200.33 65.91 3196.73
7/7/93 17.32 3200.22 17.28 3200.19 73.90 3198.81
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DATE HG-33 HQ-33 HQ-34 HG-34 HG-35 HG-35 HG-36 HG-36 1




6/3/92 64.00 3196.41 84.10 3208.62 21.08 3197.60
7/6/92 64.00 3196.41 84.69 3208.03 21.63 3197.05 42.87 3205.84
8/3/92 65.00 3195.41 85.41 3207.31 22.76 3195.92 43.92 3204.79
9/12/92 66.00 3194.41 86.64 3206.08 24.49 3194.19 45.55 3203.16
10/8/92 66.00 3194.41 86.94 3205.78 24.71 3193.97 45.90 3202.81
11/7/92 68.00 3192.41 87.24 3205.48 25.14 3193.54 46.40 3202.31
12/7/92 68.00 3192.41 87.90 3204.82 28.32 3192.36 47 .34 3201.37
1/4/93 6 8 .00 3192.41 87.87 3204.85 26.32 3192.36 47.39 3201.32
2/5/93 69.00 3191.41 87.73 3204.99 25.70 3192.98 47.51 3201.20
3/6/93 75.00 3185.41 88.69 3204.03 27.09 3191.59 48.16 3200.55
4/6/93 70.00 3190.41 88.12 3204.60 25.71 3192.97 not home
5/7/93 86.45 3206.27 23.45 3195.23 44.09 3204.62
6/4/93 82.26 3210.46 18.76 3199.92 not home
7/7/93 83.29 3209.43 19.49 3199.19 not home
DATE HG-37 HG-37 HG-38 HG-38 HG-39 HG-39 HG-40 HG-40




6/3/92 21.08 3198.33 14.19 3259.37 58.38 3202.60 45.15 3213.07
7/6/92 14.19 3259.37 62.93 3198.05 45.52 3212.70
8/3/92 18.11 3255.45 70.75 3190.23 46.54 3211.68
9/12/92 14.74 3258.82 63.32 3197.66 47.79 3210.43
10/8/92 13.17 3260.39 59.42 3201.56 48.15 3210.07
11/7/92 13.71 3259.85 72.66 3188.32 48.60 3209.62
12/7/92 59.82 3201.16 49.21 3209.01
1 /4/93 64.16 3196.82 49.12 3209.10
2/5/93 69.67 3191.31 49.24 3208.98
3/6/93 63.33 3197.65 50.18 3208.04
4/6/93 75.67 3185.31 49.68 3208.54
5/7/93 65.83 3195.15 47.24 3210.98
6/4/93 59.92 3201.06 43.01 3215.21
7/7/93 82.31 3178.67 44.25 3213.97
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DATE HQ-1 HQ-1 HQ-2 HQ-2 HQ-3 HG-3 HG-4 HG-4 1
3210 .28 w t «lev 3262.27 wt elev 3260.87 wt elev 3229 28 wt elev 1
4/1 7/92 38.14 3172.14 77.25 3185.02 71.87 3189.00 35.86 3193.42
4/24/92 37.07 3173.21 76.67 3185.60 71.11 3189.76 35.22 3194.07
5/19/92 33.86 3176.42 73.30 3188.97 68.38 3192.49 pumping
6/3/92 33.72 3176.56 73.10 3189.17 68.14 3192.73 32.24 3197.04
7/6/92 34.10 3176.18 73.66 3188.61 68.67 3192.20 32.85 3196.43
8/3/92 36.26 3174.02 75.05 3187.22 69.92 3190.95 33.97 3195.31
9/12/92 37.82 3172.46 76.94 3185.33 71.52 3189.35 35.61 3193.67
10/8/92 37.97 3172.31 not home 71.74 3189.13 35.86 3193.42
11/7/92 38.46 3171.82 77.49 3184.78 72.14 3188.73 36.26 3193.02
T 2/7/92 39.74 3170.54 78.94 3183.33 73.42 3187.45 37.49 3191.79
1/4/93 39.29 31 70.99 79.08 3183.19 73.31 3187.56 37.38 3191.90
2/5/93 38.75 3171.53 79.69 3182.58 72.66 3188.21 36.88 3192.40
3/6/93 40.65 3169.63 79.37 3182.90 74.15 3186.72 38.34 3190.94
4/6/93 38.34 3171.94 78.04 3184.23 72.48 3188.39 36.59 3192.69
5/7/93 35.14 3175.14 76.01 3188.26 70.10 31 90.77 34.34 3194.94
6/4/93 30.10 3180.18 69.61 3192.66 65.82 3195.05 29.29 3199.99
7/7/93 31.48 3178.80 71.25 3191.02 67.29 3193.58 30.76 3198.52
DATE HG-5 HQ-5 HQ-6 HG-6 HQ-7 HQ-7 HQ-8 HQ-8
3275.27 w t elev 3326.45 wt elev 3265.64 w t elev 3218.29 w t elev
4/17/92 133.01 3193.44 22.89 3195.40
4/24/92 82.37 3192.90 132.47 3193.98 22.22 3196.07
5/19/92 79.53 3195.74 129.69 3196.76 19.37 3198.92
6/3/92 79.24 3196.03 pumping 44.67 3220.97 19.04 3199.25
7/6/92 79 .24 3196.03 129.61 3196.84 not home 19.69 3198.60
8/3/92 81.00 3194.27 131.08 3195.37 30.67 3225.52 20.85 3197.44
9/12/92 82.67 3192.60 132.85 3193.60 36.31 3265.64 22.56 3195.73
10/8/92 82.94 3192.33 133.05 3193.40 43 .34 3265.64 22.83 3195.46
11/7/92 83.31 3191.96 133.50 3192.95 40.12 3265.64 23.28 3195.01
12/7/92 84.64 3190.63 134.64 3191.81 24.46 3193.83
1/4/93 84.56 3190.71 134.62 3191.83 24.46 3193.83
2/5/93 84.87 3190.40 133.96 3192.49 23.83 3194.46
3/6/93 85.36 3189.91 135.38 3191.07 25.12 3193.17
4/6/93 83.90 3191.37 134.01 3192.44 24.38 3193.91
5/7/93 81.61 3193.66 131.70 3194.75 21.60 3196.69
6/4/93 76.16 3199.11 126.23 3200.22 16.05 3202.24
7/7/93 77.74 3197.53 127.78 3198.67 17.56 3200.73
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DATE HQ-9 HG-9 HQ-10 HQ-10 HO-11 HQ-11 HQ-12 HG-12 1
3222 .80 w t «lav 3216.34 wt alav 3214.25 3278.01
4/1 7/92 27.29 3195.51 22.03 3194.31 19.44 3194.81
4/24/92 26.62 3196.18 21.38 3194.97 19.01 3195.24 84.80 3193.21
5/19/92 23.77 3199.03 18.50 3197.84 16.21 3198.04 81.54 3196.47
6/3/92 23.44 3199.36 18.18 3198.16 15.88 3198.37 81.24 3196.77
7/6/92 24.11 3198.69 18.79 3197.55 16.51 3197.74 81.83 3196.18
8/3/92 25.23 3197.57 19.92 3196.42 17.84 3196.61 83.05 3194.98
9/12/92 26.97 3195.83 21.64 3194.70 19.38 3194.87 84.69 3193.32
10/8/92 27.26 3195.54 21.91 3194.43 19.60 3194.65 84.97 3193.04
11/7/92 27.71 3195.09 22.36 3193.98 20.09 3194.16 85.42 3192.59
12/7/92 28.88 3193.92 23.52 3192.82 21.28 3192.97 86.59 3191.42
1/4/93 28.87 3193.93 23.52 3192.82 21.28 3192.97 86.60 3191.41
2/5/93 28 .30 3194.50 22.92 3193.42 20.65 3193.60 86.98 3191.03
3/6/93 29 .50 3193.30 24.27 3192.07 21.97 3192.28 87.34 3190.67
4/6/93 28.17 3194.63 22.91 3193.43 20.62 3193.63 85.93 3192.08
5/7/93 25.86 3196.94 20.66 3195.68 18.34 3195.91 83.63 3194.38
8/4/93 20.48 3202.32 15.15 3201.19 12.85 3201.40 78.17 3199.84
7/7/93 21.99 3200.81 16.68 3199.66 14.40 3199.85 79.73 3198.28
DATE HQ-13 HQ-13 HQ-14 HQ-14 HQ-16 HQ-15 HQ-16 HO-16
3 236 .72 w t alav 3262.69 w t alav 3258.98 w t alav 3322 .10 w t alav
4 /17/92
4 /24/92 40 .75 3195.97 69.72 3192.97 66.24 3192.74 43 .06 3279.04
5/19/92 37.94 3198.78 66.90 3195.79 63.40 3195.58 39.92 3282.18
6/3/92 37.61 3199.11 66.57 3196.12 63.10 3195.88 39.98 3282.12
7/6/92 38 .26 3198.46 67.17 3195.52 63.69 3195.29 42 .74 3279.38
8/3/92 39.33 3197.39 68.33 3194.36 64.89 3194.09 pumping
9/12/92 41 .05 3195.67 70.02 3192.67 66.55 3192.43 44.51 3277.59
10/8/92 41.33 3195.39 66.81 3192.17 43.31 3278.79
11/7/92 4 1 .70 3195.02 67 .30 3191.68 45.45 3276.65
12/7/92 42.82 3193 .90 68.47 3190.51
1 /4/93 42 .94 3193.78 68.52 3190.46
2 /5/93 42 .32 3194.40 68.88 3190.10
3/6 /93 43.55 3193.17 69.43 3189.55
4/6/93 42.32 3194 .40 67.84 3191.14
5/7/93 40.08 3196 .64 65.42 3193.56
6/4/93 34.67 3202.05 60.02 3198.96
7/7/93 36.16 3200.56 81.56 3197.42
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DATE HG-17 HG-17 HG-18 HG-18 HG-19 HG-19 HG-20 HQ-20 1
3263.49 wt #l#v 3263.77 w t elev 3269.74 wt elev 3288.28 wt elev 1
4/17/92
4/24/92 52.09 3211.40 50.88 3212.89 58.44 3211.30 64.88 3223.40
5/19/92 49.85 3213.64 49.41 3214.36 56.11 3213.63 62.62 3225.66
6/3/92 49.52 3213.97 49.07 3214.70 55.78 3213.96 62.65 3225.63
7/6/92 50.27 3213.22 49.83 3213.94 56.54 3213.20 63.17 3225.11
8/3/92 51.24 3212.25 50.79 3212.98 57.72 3212.02 64.36 3223.92
9/12/92 52.46 3211.03 52.03 3211.74 58.77 3210.97 65.65 3222.73
10/8/92 52.88 3210.61 52.41 3211.36 59.17 3210.57 66.02 3222.26
11/7/92 63.32 3210.17 52 .80 3210.97 59.57 3210.17 66.62 3221.66
12/7/92 53.90 3209.59 53.44 3210.33 60.20 3209.54 66.79 3221.49
1/4/93 53.81 3209.68 53.34 3210.43 60.07 3209.67 66.58 3221.70
2/5/93 63.84 3209.65 53.41 3210.36 60.14 3209.60 87.55 3220.73
3/6/93 54.86 3208.63 54.43 3209.34 61.13 3208.61 68.50 3219.78
4/6/93 54.26 3209.23 53.88 3209.89 not home 67.70 3220.58
5/7/93 52.05 3211.44 51.92 3211.85 58.32 3211.42 65.38 3222.90
6/4/93 47.88 3215.61 47.46 3216.31 pumping 61.34 3226.94
7/7/93 49,02 3214.47 48.56 3215.21 55.32 3214.42 62.47 3225.81
DATE HG-21 HG-21 HG-22 HG-22 HG-23 HG-23 HG-24 HQ-24
3297.51 wt «(«V 3293.89 wt elev 3293.32 wt elev 3300.00 wt elev
4/17/92
4/24/92 72.65 3224.86 71.58 3222.31 68.57 3224.75 73.13 3226.87
5/19/92 70.65 3226.86 67.27 3226.63 66.46 3226.86 73.10 3226.90
6/3/92 70.31 3227.20 66.91 3226.98 66.13 3227.19 72.74 3227.26
7/6/92 71.10 3226.41 67.71 3226.18 66.90 3226.42 73.52 3226.48
8/3/92 72.16 3225.35 68.86 3225.03 68.11 3225.21 74.66 3225.34
9/12/92 73.12 3224.39 69.89 3224.00 69.09 3224.23 75.67 3224.33
10/8/92 73.48 3224.03 70.27 3223.62 69.47 3223.85 76.04 3223.96
11/7/92 73.95 3223.56 70.80 3223.09 69.98 3223.34 76.54 3223.46
12/7/92 74.05 3223.46 70.93 3222.96 70.12 3223.20 76.68 3223.32
1/4/93 73.85 3223.66 no access 69.91 3223.41 76.46 3223.54
2/5/93 74,65 3222.86 no access 70.68 3222.64 77.24 3222.76
3/6/93 75.52 3221.99 72.44 3221.45 71.60 3221.72 78.15 3221.85
4.6/93 74.89 3222.62 71.81 3222.08 70.97 3222.35 77.56 3222.44
5/7/93 72.96 3224.55 69.77 3224.12 68.96 3224.36 75.55 3224.45
6/4/93 pumping 65.95 3227.94 65.11 3228.21 pumping
7/7/93 70.41 3227.10 66.99 3226.90 66.16 3227.16 72.88 3227.12
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1 DATE HQ-25 HO-25 HQ-26 HQ-26 HQ-27 HQ-27 HQ-28 HG-28
1 3287.90 wt olov 3293.11 wt olov 3275.61 wt olov 3272.87 wt olov
4/1 7/92
4/24/92 65.33 3222.57 70.95 3222.16 56.95 3218.66 58.75 3214.12
5/19/92 62.82 3225.08 67.55 3225.56 54.60 3221.01 56.52 3216.35
6/3/92 62.40 3225.50 67.19 3225.92 54.19 3221.42 56.15 3216.72
7/6/92 63.27 3224.83 68.09 3225.02 55.07 3220.54 56.94 3215.93
8/3/92 not homo 69.28 3223.83 56.21 3219.40 57.95 3214.92
9/12/92 65.85 3222.05 70.47 3222.64 57.48 3218.13 59.12 3213.75
10/8/92 66.31 3221.59 70.93 3222.18 57.91 3217.70 59.60 3213.27
11/7/92 66.81 3221.09 71.51 3221.60 58.50 3217.11 60.07 3212.80
12/7/92 not homo 71.67 3221.44 58.87 3216.74 60.57 3212.30
1/4/93 66.98 3220.92 71.49 3221.82 58.69 3216.92 60.43 3212.44
2//S93 68.53 3219.37 72.38 3220.73 59.27 3216.34 60.72 3212.15
3/6/93 68.82 3219.08 73.33 3219.78 60.28 3215.33 61.65 3211.22
4/6/93 67.89 3220.01 72.59 3220.52 59.57 3216.04 60.98 3211.89
5/7/93 not homo 70.29 3222.82 57.53 3218.08 58.89 3213.98
6/4/93 61.45 3226.45 66.23 3226.88 52.97 3222.64 54.69 3218.18
7/7/93 67.37 3225.74 54.15 3221.46 55.88 3216.99
DATE HQ-29 HQ-29 HQ-30 HQ-30 HQ-31 HQ-31 HQ-32 HQ-32
3217.54 wt olov 3217.47 wt olov 3272.71 wt olov 3262.64 wt olov
4/17/92
4/24/92 72.00 3190.64
5/19/92 19.14 3198.40 19.10 3198.37 75.68 3197.03 66.83 3195.81
6/3/92 18.82 3198.72 17.78 3199.69 75.32 3197.39 67.33 3195.31
7/6/92 19.45 3198.09 19.40 3198.07 75.99 3198.72 68.20 3194.44
8/3/92 20.57 3196.97 20.53 3196.94 77.12 3195.59 70.58 3192.06
9/12/92 22.32 3195.22 22.28 3195.19 78.82 3193.89 70.83 3191.81
10/8/92 22.58 3194.96 22.53 3194.94 79.09 3193.62 70.75 3191.89
11/7/92 22.97 3194.57 22.90 3194.57 79.47 3193.24 71.92 3190.72
12/7/92 24.27 3193.27 24.21 3193.26 80.73 3191.98 72.76 3189.89
1/4/93 24.22 3193.32 24.18 3193.29 80.76 3191.95 72.73 3189.91
2/5/93 23.62 3193.92 23.57 3193.90 81.10 3191.61 73.08 3189.56
3/6/93 24.96 3192.58 24.93 3192.54 81.50 3191.21 73.59 3189.05
4/6/93 23.57 3193.97 23.52 3193.95 80.07 3192.64 72.89 3189.75
5/7/93 21.26 3196.28 21.21 3196.26 78.73 3193.98 69.14 3193.50
6/4/93 15.81 3201.73 15.75 3201.72 72.38 3200.33 65.91 3196.73
7/7/93 17.32 3200.22 17.28 3200.19 73.90 3198.81
202
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203
DATE HQ-33 HQ-33 HQ-34 HQ-34 HQ-35 HQ-35 HQ-36 HQ-36




6/3/92 64.00 3196.41 84.10 3208.62 21.08 3197.60
7/6/92 64.00 3196.41 84.69 3208.03 21.63 3197.05 42.87 3205.84
8/3/92 65.00 3195.41 85.41 3207.31 22.76 3195.92 43.92 3204.79
9/12/92 66.00 3194.41 86.64 3206.08 24.49 3194.19 45.55 3203.16
10/8/92 66.00 3194.41 86.94 3205.78 24.71 3193.97 45.90 3202.81
11/7/92 68.00 3192.41 87.24 3205.48 25.14 3193.54 46.40 3202.31
12/7/92 68.00 3192.41 87.90 3204.82 26.32 3192.36 47.34 3201.37
1/4/93 68.00 3192.41 87.87 3204.85 26.32 3192.36 47.39 3201.32
2/5/93 69.00 3191.41 87.73 3204.99 25.70 3192.98 47.51 3201.20
3/6/93 75.00 3185.41 88.69 3204.03 27.09 3191.59 48.16 3200.55
4/6/93 70 .00 3190.41 88.12 3204.60 25.71 3192.97 not home
S/7/93 86.45 3206.27 23.45 3195.23 44.09 3204.62
6/4/93 82.26 3210.46 18.76 3199.92 not home
7/7/93 83.29 3209.43 19.49 3199.19 not home
DATE HQ-37 HQ-37 HQ-38 HQ-38 HQ-39 HQ-39 HQ-40 HQ-40




6/3/92 21.08 3198.33 14.19 3259.37 58.38 3202.60 45.15 3213.07
7/6/92 14.19 3259.37 62.93 3198.05 45.52 3212.70
8/3/92 18.11 3255.45 70.75 3190.23 46.54 3211.68
9/12/92 14.74 3258.82 63.32 3197.66 47.79 3210.43
10/8/92 13.17 3260.39 59.42 3201.56 48.15 3210.07
11/7/92 13.71 3259.85 72.66 3188.32 48 .60 3209.62
1 2/7/92 59.82 3201.16 49.21 3209.01
1/4/93 64.16 3196.82 49.12 3209.10
2/5/93 69.67 3191.31 49.24 3208.98
3/6/93 63.33 3197.65 50.18 3208.04
4 /6/93 75.67 3185.31 49.68 3208.54
5/7/93 65.83 3195.15 47.24 3210.98
6/4/93 69.92 3201.06 43.01 3215.21
7/7/93 82.31 3178.67 44.25 3213.97
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DATE 2 2 19 19 29 29 32 32
3305.80 w t elav 3279.48 w t elev 3303.82 w t elev 3302.94 wt elev








4/6/93 58.33 3247.47 36.73 3242.75
5/7/93 57.29 3248.51 34.89 3244.59 74.94 3228.00
6/4/93 54.60 3251.20 31.43 3248.05 74.13 3229.69 no access
7/7/93 65 .70 3250.10 32.89 3246.59 75.19 3228.83
DATE 99a 99# 99b 99b 100a 100a 100b 100b
3292 .52 w t elev 3291.88 w t elev 3276.98 w t elev 3276.99 w t elev
5/1/92 48.72 3243.80 47 .90 3243.98 32.80 3244.19
9/6/92
10/8/92
11/6/92 53.74 3238.78 52.92 3238.96 37.06 3239.92 37.06 3239.93
12/7/92 52 .12 3240.40 51.31 3240.57 35.65 3241.33 35.64 3241.35
1/4/93 52.04 3240.48 51.25 3240.63 * *
2/5/93 54.25 3238.27 53.47 3238.41 37.66 3239.32 37.65 3239.34
3/6/93 54.88 3237.64 54.09 3237.79 38.17 3238.81 38.16 3238.83
4/6/93 53.17 3239.35 52.38 3239.50 36.66 3240.32 36.65 3240.34
5/7/93 51.01 3241.51 34.45 3242.53 34.45 3242.54
6/4/93 47.41 3245.11 46.62 3245.26 30.88 3246.10 30.88 3246.11
7/7/93 48.78 3243.74 47.97 3243.91 no access no access
204
* * Could not locate wall
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
DATE 101a 101a 101b 101b 103b 103b 104a 104a 1
3272.84 w t alav 3273.20 w t alav 3303.74 wt alav 3301.21 wt alav 1
5/1/92 26.18 3246.66 27.91 3245.29 55.64 3248.10 54.92 3246.29
9/6/92
10/8/92
11 /6/92 29.25 3243.59 58.05 3245.69
12/7/92 29.09 3243.75 30.91 3242.29 57.53 3246.21
1/4/93 28.35 3244.49 30.73 3242.47 57.30 3246.44
2/5/93 29.11 3243.73 31.98 57.99 3245.75
3/6/93 17.21 3255.63 tea 58.46 3245.28
4/6/93 24.91 3247.93 31.64 3241.56 58.07 3245.67 59.31 3241.90
5/7/93 26.18 3246.68 29.79 3243.41 56.91 3246.83 57.18 3244.03
6/4/93 24.76 3248.08 28.82 3246.38 54.66 3249.08 53.54 3247.67
7/7/93 25.30 3247.54 27.92 3245.28 55.76 3247.98 54.98 3246.25
DATE 104b 104b 105a 105a 106b 105b 105c 105c
3301.50 w t alav 3295.80 w t alav 3295.83 w t alav 3295.26 w t alav
5/1/92 55.18 3246.32 50.48 3244.78
9/6/92
10/8/92
11/6/92 55.53 3240.27 56.04 3239.79 55.53 3239.73
12/7/92 53.86 3241.94 53.86 3241.40
1/4/93 54 .34 3241.46 54.47 3241.36 53 .80 3241.46
2/5/93 56.81 3239.19 56.72 3239.11 56.04 3239.22
3/6/93 67.22 3238.58 57.32 3238.51 56.63 3238.63
4/6/93 59.48 3242.02 55 .48 3240.32 55.61 3240.22 55.48 3239.78
5/7/93 57.45 3244.05 53 .34 3242.46 53.45 3242.38 52.78 3242.48
6/4/93 53.81 3247.69 49.71 3246.09 49.83 3246.00 49.14 3246.12
7/7/93 55.22 3246.28 51 .10 3244.70 51.21 3244.62 50.51 3244.75
205
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1 DATE 106a 106a 106b 106b 106c 106c 108a 108a 1
1 3280.11 w t alav 3280.37 3280.34 3270.78 w t alav 1









4/6/93 40.91 3239.20 35.13 3235.65
5/7/93 38.99 3241.12 38.81 324.1.58 38.98 3241.36 32.98 3237.80
6/4/93 35.19 3244.92 35.01 3245.36 35.16 3245.18 29.19 3241.59
7/7/93 36.55 3243.56 36.37 3244.00 36.51 3243.83 30.46 3240.32
DATE 108b 108b 109a 109a 109b 109b 110a 110a
3270.59 w t alav 3276.48 w t alav 3278.54 w t alav 3290.70 w t alav
5/1/92 30.36 3240.23 42 .10 3234.38 34.48 3244.06 37.09 3253.61
9/6/92
10/8/92 33.74 3236.85 45.44 3231.04 38.11 3240.43
11/6/92 34.37 3236.22 45.95 3230.53 38.74 3239.80
12/7/92 33.68 3236.91 45.60 3230.88 37.75 3240.79
1/4/93 33.58 3237.01 45.43 3231.05 37.67 3240.87
2/5/93 35.51 3235.08 46.79 3229.69 39.96 3238.58
3/6/93 36.17 3234.42 46.79 3229.69 39.96 3238.58
4/6/93 34.95 3235.64 46 .90 3229.58 39.16 3239.38 38.60 3252.10
5/7/93 32.83 3237.76 44.68 3231.80 36.78 3241.76 37.96 3252.74
6/4/93 29.07 3241.52 40 .97 3235.51 33.20 3245.34 36.36 3254.34
7/7/93 30.33 3240.26 42.12 3234.36 34.56 3243.98 37.03 3253.67
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1  DATE 110b 110b 111a 111a 111b 111b 904 904
1  , , 3290.51 w t «lav 3293.29 w t alav 3293.15 wt alav 3296.71 wt alav








4/6/93 51.40 3241.89 50.46 3242.69 55.87 3240.84
5/7/93 37.24 3253.27 49.94 3243.35 47.96 3245.19 54.04 3242.67
6/4/93 35.80 3254.71 45.32 3247.97 45.33 3247.82 50.38 3246.33
7/7/93 36.41 3254.10 46.77 3246.52 45.82 3247.33 51.74 3244.97
DATE 905 90S 907 907 909a 909a 909b 909b
3299.77 w t elav 3270.89 w t alav 3269.31 w t alav 3270.12 w t alav
5/1/92 52.54 3247.23 28.82 3242.07 32.63 3236.68 33.24 3236.88
9/6/92
10/8/92 32.31 3238.58
11/6/92 55.94 3243.83 32.96 3237.93 37.91 3231.40 37.61 3232.51
12/7/92 55.12 3244.65 32.79 3238.10 36.47 3232.84 37.13 3232.99
1/4/93 55.02 3244.75 " 36.37 3232.94 37.05 3233.07
2/5/93 56.03 3243.74 34.43 3236.46 38.15 3231.16 39.11 3231.01
3/6/93 56.45 3243.32 35.04 3235.85 38.78 3230.53 39.71 3230.41
4/6/93 55.83 3243.94 35.21 3235.68 37.76 3231.55 38.10 3232.02
5/7/93 54.38 3245.39 32.28 3238.61 35.51 3233.80 36.24 3233.88
6/4/93 51.47 3248.30 30.14 3240.75 31.68 3237.63 32.09 3238.03
7/7/93 52 .60 3247.17 32.35 3238.54 32.94 3236.37 33.45 3236.67
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DATE 914 914 915 915 916a 916a 916b 916b
3266.07 w t alav 3276.63 w t alav 3276.07 w t alav 3276.17 w t alav
5/1/92 24.82 3241.25 45.69 3230.94 44.19 3231.88 44.35 3231.82
9/6/92
10/8/92 28.38 3237.69 49.68 3226.95
11/6/92 29.01 3237.06 50.34 3226.29 48.71 3227.36 48.86 3227.31
-0.63 -0.66
12/7/92 28.27 3237.80 50.33 3226.30 48.64 3227.43 48.78 3227.39
1/4/93 28.16 3237.91 50.20 3228.43
2/5/93 30.19 3235.88 51.29 3225.34 49.69 3226.38 49.85 3226.32
3/6/93 30.84 3235.23 52.17 3224.46 50.67 3225.40 50.81 3225.36
4/6/93 29.60 3236.47 51.51 3225.12 49.88 3226.19 49.99 3226.18
5/7/93 27.45 3238.62 49.23 3227.40 47.57 3228.50 47.72 3228.45
6/4/93 23.65 3242.42 45.06 3231.57 43.40 3232.67 43.54 3232.63
7/7/93 24.93 3241.14 46.31 3230.32 44.62 3231.45 44.76 3231.41
DATE 917a 917a 917b 917b 919a 919a 919b 919b
3276.62 w t alav 3277.02 w t alav 3277.73 w t alav 3277.85 w t alav
5/1/92 45.28 3231.34 45.72 3231.30 49.96 3227.77 50.05 3227.80
9/6/92
10/8/92 49.28 3227.34 49.68 3227.34 53.88 3223.85 53 .97 3223.88
11/6/92 49.96 3226.66 50.36 3226.66 54.51 3223.22 54.61 3223.24
12/7/92 49.99 3226.63 50.40 3226.62 54.66 3223.07 54.71 3223.14
1/4/93 49.82 3226.80 50.26 3226.76 54.50 3223.23 54.58 3223.27
2/5/93 50.94 3225.68 51.36 3225.66 55.37 3222.36 55.47 3222.38
3/6/93 51.77 3224.85 52.17 3224.85 56.38 3221.35 56.48 3221.37
4/6/93 51.15 3225.47 51.57 3225.45 55.83 3221.90 55.91 3221.94
5/7/93 48.92 3227.70 49.33 3227.69 53.51 3224.22 53.60 3224.25
6/4/93 44.80 3231.82 45.22 3231.80 49.18 3228.55 49.27 3228.58
7/7/93 46.02 3230.60 46.43 3230.59 50.38 3227.35 50.47 3227.38

















w t #l#v 1
5/1/92
9/6/92
49.87 3228.09 46.58 3225.02 44.63 3225.95 44.74 3226.07









12/7/92 54.69 3223.27 51.04 3220.54 49.45 3221.13 49.47 3221.34
1/4/93 54.54 3223.42 50.85 3220.73 49.25 3221.33 49.27 3221.54
2/5/93 55.47 3222.49 51.36 3220.22 50.00 3220.58 49.92 3220.89
3/6/93 56.47 3221.49 52.28 3219.30 51.02 3219.56 50.99 3219.82
4/6/93 55.90 3222.06 51.31 3220.27 50.47 3220.11 50.54 3220.27
5/7/93 53.54 3224.42 49.31 3222.27 48.15 3222.43 48.33 3222.48
6/4/93 49.15 3228.81 45.58 3226.00 43.87 3226.71 43.89 3226.92
7/7/93 50.41 3227.55 46.83 3224.75 45.09 3225.49 45.17 3225.64
DATE 922# 922# 922b 922b 922c 922c 923# 923#
3274.93 w t #l#v 3276.18 w t #i#v 3275.32 w t #l#v 3270.43 w t #l#v
5/1/92
9/6/92
51.40 3223.53 51.50 3223.66 51.30 3224.02 49.51 3220.92
10/8/92 56.34 3218.59 55 .29 3219.87 55.17 3220.15 53.53 3216.90
11/6/92 56.99 3217.94 55.95 3219.21 55.83 3219.49 54.16 3216.27
12/7/92 57.34 3217.59 56.25 3218.91 56.13 3219.19 54.71 3215.72
1/4/93 57.17 3217.76 56.07 3219.09 55.94 3219.38 54.58 3215.85
2/5/93 57.70 3217.23 57.66 3217.50 56.54 3218.78 54.96 3215.47
3/6/93 58.73 3216.20 57 .67 3217.49 57.55 3217.77 56.04 3214.39
4/6/93 58.11 3216.82 57 .06 3218.10 56.93 3218.39 55.46 3214.97
5/7/93 55.86 3219.07 54.81 3220.35 54.68 3220.64 53.08 3217.35
6/4/93 51.57 3223.36 50.58 3224.58 50.50 3224.82 48.30 3222.13
7/7/93 52.72 3222.21 51.78 3223.38 51.68 3223.64 49.44 3220.99
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DATE 923b 923b C-4 C-4 C-5 C-5 HLA-1 HLA-1 I
1 3270 .48 w t *I#V 3288 .20 w t alav 3284.58 w t alav 3301.44 w t alav I
5 /1 /92 49 .60 3220.88
9 /6 /92
10/8 /92 53.61 3216.87
11/6 /92 54 .22 3216.28 72.09 3229.35
-0.61
12/7 /92 54 .78 3215.70 71.41 3230.03
1/4/93 54.65 3215.83
2 /5 /93 55.03 3215.45 72.72 3228.72
3/6/93 56.11 3214.37 73.55 3227.89
4 /6 /93 55.55 3214.93 72 .72 3228.72
5 /7 /93 53.15 3217.33 62 .03 3226 .17 32.92 3251.66 70.43 3231.01
6 /4 /93 48 .3 8 3222 .10 32.75 3251.83 no access
7 /7 /93 49.51 3220.97 35.11 3249.47 87.47 3233.97
DATE HLA-2 HLA-2 M-16 M-16 M-17 M-17 MW#1 MW«1
32 6 2 .9 4 w t «t«v 3274 .07 w t alav 3273 .00 w t alav 3203 .35 w t elav
5 /1 /92 23 .28 3239.66 36 .22 3237.85 41.00 3232.00
9 /6 /92
10/8 /92 26.85 3236 .09 41.41 3232 .66 45.01 3227.99 41 .33 3162.02
11 /6 /92 2 7 .50 3235 .44 42 .13 3231 .94 45.71 3227.29 41 .93 3161.42
12/7/92 26 .87 3236.07 42.01 3232.06 45.74 3227.26 43 .32 3160.03
1/4/93 26 .77 3236 .17 42 .15 3231.92 45.56 3227.44 42 .74 3160.61
2/5 /93 28 .62 3234 .32 43 .0 7 3231 .00 46.76 3226.24 42 .16 3161.19
3 /6 /93 29 .3 0 3233 .64 43 .72 3230.35 47.59 3225.41 44.21 3159.14
4 /6 /93 28 .12 3234.82 4 3 .1 8 3230 .89 46 .88 3226.12 41 .68 3161.77
5 /7 /93 25.96 3236 .98 41 .4 8 3232.59 44 .60 3228.40 38.12 3165.23
6 /4 /93 22 .23 3240.71 38.75 3235 .32 40.41 3232.59 32.08 3171.27
7/7/93 23 .49 3239.45 39 .93 3234 .14 41 .60 3231.40 34.29 3169.06




















10/8/92 35.58 3175.03 75.68 3198.88 32.10 3168.00 69.06 3190.71
11/6/92 36.05 3174.56 76.31 3198.25 32.67 3167.43 69.54 3190.23
-0.47 -0.63 -0.57 -0.48
12/7/92 37.36 3173.25 77.36 3197.20 34.04 3166.06 70.77 3189.00
1Z4/93 36.97 3173.64 77.40 3197.16 33.44 3166.66 70.74 3189.03
2/5/93 36.35 3174.26 76.86 3197.70 32.85 3167.25 70.13 3189.64
3/6/93 38.17 3172.44 78.13 3196.43 34.98 3165.12 71.58 3188.19
4/6/93 38.01 3174.60 77.06 3197.50 32.38 3187.72 69.93 3189.84
5/7/93 33.05 3177.56 75.45 3199.11 29.07 3171.03 67.59 3192.18
6/4/93 27.44 3183.17 69.81 3204.75 22.82 3177.28 62.27 3197.50










9/6/92 49.06 3202.60 55.23 3206.52
10/8/92 49.38 3202.28 55.53 3206.22
11/6/92 49 .74 3201.92 55 .87 3205.88
12/7/92 50.71 3200.95 66.56 3205.19
1Z4/93 50.69 3200.97 56.52 3205.23
2/5/93 50.33 3201.33 56.42 3205.33
3/6/93 51.41 3200.25 57.30 3204.45
4/6/93 50 .34 3201.32 56.66 3205.09
5/7/93 48.10 3203.56 54.21 3207.54
6/4/93 43 .30 3208.36 50.74 3211.01
7/7/93 44.72 3206.94 52.28 3209.47
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APPENDIX E: POTENTIOMETRIC MAPS
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Potentiometric Map Construction
After collecting monthly static water levels, these data were plotted for alluvial 
wells in the network that was monitored. In casual study of the resulting 
potentiometric maps, the monthly ground water flow field appears to change 
dramatically from the early inception of the monitoring program to the conclusion of 
the study. Most o f the apparent change is due to the changing nature of the monitoring 
network itself. For the first few months of the program (from 4/92 to 11/92), wells 
were continually being added to the network. As wells were added, the flow fields 
were being further defined. From 11/92 to 7/93 (the end of the monitoring), the 
monitoring well network was only slightly enhanced by the addition of a few wells.
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APPENDIX F: CONTINUOUS RECORDER DATA
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Figure F-1. Monitor Well MW#1 Continuous Recorder Data
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Date Time Transducer Transducer Manual Elev.














Transducer installed 4/28/93 at 45.96 feet below measuring point for MW#1 
allowing for 5 feet of head above the transducer.
* all transducer readings are in tenths of feet

























t  G6/0G/9 
G6/8Z/9 
G6/92/9 


















t  G6/61/9 
G6/ZI/9 
G6/9 1/9 
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Figure F-2. Monitor Well MW#7 Continuous Recorder Data
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Continous Recorder Readings for MW#7 235
Date and Time SWL Groundwater
1993 Elevation
05 07 1600 55.40 3,206.80
05 08 1600 55.27 3,206.93
05 09 1 600 55.12 3,207.08
05 10 1600 55.02 3,207.18
05 11 1600 54.89 3,207.31
05 12 1600 54.70 3,207.50
05 13 1600 54.40 3,207.80
05 1 4 1 6 0 0 54.09 3,208.11
05 15 1600 53.76 3,208.44
05 1 6 1 6 0 0 53.46 3,208.74
05 17 1600 53.20 3,209.00
05 18 1600 52.96 3,209.24
05 19 1600 52.64 3,209.56
05 20 1600 52.48 3,209.72
05 21 1600 52.27 3,209.93
05 22 1600 52.06 3,210.14
05 23 1600 51.90 3,210.30
05 24 1600 51.80 3,210.40
05 25 1600 51.70 3,210.50
05 26 1600 51.63 3,210.57
05 27 1600 51.56 3,210.64
05 28 1600 51.49 3,210.71
05 29 1600 51.45 3,210.75
05 30 1600 51.39 3,210.81
05 31 1600 51.31 3,210.89
06 01 1600 51.30 3,210.90
06 02 1600 51.24 3,210.96
06 03 1600 51.18 3,211.02
06 04 1600 51.18 3,211.02
06 05 1600 51.18 3,211.02
06 06 1600 51.19 3,211.01
06 07 1600 51.22 3,210.98
06 08 1600 51.25 ^ 3,210.95
06 09 1600 51.28 3,210.92
06 10 1600 51.31 3,210.89
06 11 1600 51.36 3,210.84
06 12 1600 51.40 3,210.80
06 13 1600 51.43 3,210.77
06 14 1600 51.46 3,210.74
06 15 1600 51.50 3,210.70
06 16 1600 51.55 3,210.65
06 17 1600 51.58 3,210.62
06 18 1600 no reading #VALUE!
06 19 1600 " LVALUE!
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Date and Time SWL Groundwater 
1993 Elevation
06 20 1600 " #VALUEI
06 21 1600 " #VALUE!
06 22 1600 51.68 3,210.52
06 23 1600 51.70 3,210.50
06 24 1600 51.73 3,210.47
06 25 1600 51.77 3,210.43
06 26 1600 51.80 3,210.40
06 27 1600 51.85 3,210.35
06 28 1600 51.89 3,210.31
06 29 1600 51.95 3,210.25
06 30 1600 52.00 3,210.20
07 01 1600 52.04 3,210.16
07 02 1600 52.08 3,210.12
07 03 1600 52.13 3,210.07
07 04 1600 52.18 3,210.02
07 05 1600 52.22 3,209.98
07 06  1600 52.24 3,209.96
SWL readings for MW#7 are from a Stevens Recorder 
Measuring Pt. Elev.
3262.20
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APPENDIX G: WELL DEVELOPMENT METHODOLOGY
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Well Development
To achieve the established criteria for well development, the development 
methods outlined in ENSR's SOP 7221 (Milltown Reservoir Hydrogelogic Sampling 
and Analysis Plan June, 1990, Appendix A) were followed:
• set the intake of the pump in the center of the screened interval of the monitoring 
well.
• pump at least three well volumes, while using the intake hose as a plunger.
• continue pumping until sediment-free water is obtained.
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APPENDIX H: GROUND WATER SAMPLING RESULTS
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Sampling Methodology
Seventeen (17) wells were sampled according to the procedures described in 
Section 10.1 of the Hydrogeological SAP (ENSR, 1990). The wells were sampled in 
order from the lowest arsenic concentration to highest (based on previous analytical 
results) to minimizes the potential for cross contamination of low concentration wells 
via incomplete decontamination of equipment following sampling of a  well with higher 
levels o f arsenic. Quality Assurance/Quality Control (QA/QC) procedures described in 
ENSR’s (1990) Hydrogeological SAP were followed.
Samples were collected after a minimum of three pore volumes were purged 
from the well and the field parameters had stabilized. Decontamination of sampling 
equipment was conducted in accordance with ENSR's SAP Amendment Number 1 
(1991 Field Season). The amended procedure differs from Section 6.6 of the QAPP 
(ENSR 1990b) in that the 10 percent nitric acid rinse has been eliminated. This
procedure was eliminated because it is believed that this step may have contributed to
metals contamination in the field rinsate blanks during sampling round one.
Justification for the elimination of the nitric acid rinse is based on the procedure for 
inorganic sampling of decontamination found in the U.S. Department Energy's 
HAZWRAP (U.S. Department o f Energy, Office of Waste and Transportation 
Management, 1989, Quality Control Requirements for Field Metals, Doc. No. 
H2/RAP-102-2, page 12 o f 61). (Sampling and Analysis Plan Amendment Number 
1(1991 Field Season)). The amended decontamination procedure utilized is as follows;
• Using soapy, wash sampling devices o f all adhering sediments or well water.
• Rinse with tap water.
• Rinse with de-ionized water
• Air dry and cover to protect from fugitive dust.





























CLP Total Matala Summary With Scraertlng and Enforcamant Quality Aaaaaamant for Summar 1993 Qroundwatar Samplaa
( In ug/l Unlass Indicatad Otharwiaal
Sample Sample As Ba Cd Or Cu Fe Pb Mn Ni Zn
Number Station Date Type WHL WHL WHL WHL WHL WHL WHL WHL WHL WHL
WK449 MW920 6/28/93 GWATER 19.8 627 0.08 5.0 3.0 1100 0.51 3680 10.6 6.0
WK450 MW921A 6/28/93 GWATER 5.5 219 0.13 5.0 4.4 24.7 0.38 3 9.9 21.4
WK461 MW921B 6/28/93 GWATER 2.7 294 0.08 5.0 5.3 183 0.38 41 12.8 18.6
WK452 MW907 6/28/93 GWATER 1.2 209 0.08 5.0 2.5 119 0.38 5.4 8.8 6.0
WK453 915-5 6/29/93 GWATER 2.2 201 0.08 5.0 2.7 71.6 0.38 2.6 10.5 6.0
WK454 Ml 7-5 6/29/93 GWATER 79.9 346 0.36 5.0 2.3 4000 0.77 1010 12.5 16.1
WK455 917A-5 6/29/93 GWATER 214 520 0.11 5.0 1.4 4430 0.38 2400 8.8 6.0
WK456 917A-6 6/29/93 GWATER 198 515 0.29 5.0 1.4 4430 0.41 2390 10.9 6.0
WK457 917B-5 6/29/93 GWATER 168 462 0.27 5.0 2.0 7420 0.38 2160 17.3 6.0
WK458 1 SP-629 6/30/93 GWATER 0.98 2.2 0.47 5.0 1.6 27.2 0.52 5.6 8.8 6.0
WK459 HLA2-5 6/30/93 GWATER 79.9 351 0.26 5.0 2.6 269 0.58 2550 16.0 6.0
WK460 Ml 6-5 6/30/93 GWATER 1.5 194 0.32 5.0 3.0 190 0.87 10.2 8.8 15.4
WK461 MW7-5 6/30/93 GWATER 5.4 170 0.10 5.0 2.2 76.6 0.38 2.6 24.8 6.0
WK462 MW6-5 6/30/93 GWATER 2.1 256 0.10 5.0 2.2 22.2 0.38 2.6 8.8 6.0
WK547 MW1-5 7/2/93 GWATER 1.3 208 0.08 5.0 1.4 29.3 2.6 10.0 9.4
WK548 MW2-5 7/1/93 GWATER 1.3*" 297 0.08 5.0 9.3 117 3.9 9.7 6.0
WK549 MW3-5 7/1 /93 GWATER 5.0 195 0.08 5.0 1.4 22.0 3.1 8.8 6.0
WK550 MW4-5 7/1 /93 GWATER 2.4 212 0.08 5.0 1.4 13.5 5.6 8.8 6.0
WK551 MW5-5 7/1/93 GWATER 2.4 187 0.08 5.0 1.4 13.5 3.1 9.9 6.0
WK5S2 MW5-6 7/1/93 GWATER 2.3 189 0.08 5.0 1.4 17.1 4.7 11.3 6.0
WKS53 SP-701 7/1/93 GWATER 1.9 2.2 0.08 5.0 1.4 13.5 1 .1 " ' 2.6 10.0 6.0
Samples which axpariancad poor analytical spike performance for graphite furnace analysis.




























CLP Total Metals Summary With Screening and Enforcement Quality Assessm ent for Summaf 1993 G roundw aff Samples |
( In Ufl/I Unle«« Indicated Othefwi««)
Sample Sample As Ba Cd Ca Cr Cu Fa Pb Mg Mn Ni K Na Zn
Number Station Date Type DIGS DISS DISS DISS DISS DISS DISS DISS DISS DISS DISS DISS DISS DISS
WK449 MW920 6/28/93 GWATER 18.6 626 0.08 49600 5.0 1.4 1110 2.0 13100 3720 8.8 2370 15300 6.0
WK450 MW921A 6/28/93 GWATER 7.2 206 0.08 29500 5.0 2.5 13.5 2.8 9750 2.6 8.8 2530 6910 6.0
WK451 MW921B 6/28/93 GWATER 4.9 224 0.08 46100 5.0 2.6 13.5 2.7 14700 2.6 8.8 3010 7580 6.0
WK452 MW907 6/28/93 GWATER 2.9 193 0.08 29800 5.0 1.8 13.5 3.6 9530 2.6 8.8 856 2150 7.0
WK453 915-5 6/29/93 GWATER 3.9 207 0.08 38200 5.0 1.4 16.1 1.6 11200 2.6 8.8 1250 4440 6.0
WK454 M17-5 6/29/93 GWATER 62.5 328 0.08 43500 5.0 1.4 3440 1.9 11700 933 8.8 1380 3320 6.0
WK455 917A-5 6/29/93 GWATER 203 493 0.08 61400 5.0 1.4 4110 1.4 15300 2270 8.8 2200 7980 6.0
WK456 917A-6 6/29/93 GWATER 212 518 0.18 64500 5.0 1.4 4300 1.3 16100 2360 8.8 2300 8410 6.0
WK457 917B-5 6/29/93 GWATER 167 467 0.11 57300 5.0 2.3 6740 1.2 14300 2150 8.8 2320 5590 6.6
WK458 SP-629 6/30/93 GWATER 1.6 2.2 0.08 228 5.0 1.9 18.4 1.4 62.9 4.1 8.8 38.6 144 6.0
WK459 HLA2-5 6/30/93 GWATER 71.0 351 0.12 73800 5.0 2.1 301 1.9 15800 2500 8.8 2650 12200 6.0
WK460 Ml 6-5 6/30/93 GWATER 3.1 189 0.08 29100 5.0 2.4 18.4 1.1 9550 13.6 9.0 1010 3240 6.0
WK461 MW7-5 6/30/93 GWATER 4.7 166 0.08 44700 5.0 1.6 13.5 1.1 11500 2.6 8.8 1480 5360 6.0
WK462 MW6-5 6/30/93 GWATER 2.2 234 0.08 37800 5.0 1.4 13.5 1.1 11000 2.6 8.8 1230 4890 6.0
WK547 MW 1-5 7/2/93 GWATER 4.0 213 0.11 42800 5.0 2.0 17.1 1.2 11600 2.6 13.0 1360 5600 6.0
WK648 MW2-5 7/1/93 GWATER 3.8 239 0.15 41700 5.0 3.1 13.5 1.2 11500 2.6 15.6 1330 5720 7.6
WK549 MW3-5 7/1/93 GWATER 4.0 179 0.15 47900 5.0 3.4 13.5 1.5 11900 2.6 15.0 1410 4960 7.4
WK550 MW4-5 7/1/93 GWATER 3.7 200 0.18 44500 6.5 4.7 13.5 1.8 11500 2.6 23.2 1340 5090 16.1
WK551 MW5-5 7/1/93 GWATER 5.7 187 0.09 45700 5.0 3.7 13.5 1.4 12200 2.6 14.5 1390 6560 7.5
WK552 MW5-6 7/1/93 GWATER 5.1 198 0.12 47900 7.7 2.9 13.5 1.6 12700 2.6 11.7 1420 6650 9.6







































CLP Total Metals Summary With Screening and Enforcement Quality Assessment for Summer 1993 Groundwater Samples
( In mg/I Unless Indicated Otherwise
Sampla Sample Conductivity Alkalinity Total Alkalinity, bicarbonate
Number Station Date Type TOS umhoa/cm mg/L CaCo3 mg/L CaCo3 Chloride Sulfate
WK449 MW920 6/28/93 GWATER 248 386 190 190 <5 17
WK450 MW921A 6/28/93 GWATER 157 234 122 122 <5 < 5
WK451 MW921B 6/28/93 GWATER 207 319 160 160 < 5 9
WK452 MW907 6/28/93 GWATER 135 212 118 118 <5 < 5
WK453 915-5 6/29/93 GWATER 148 271 136 136 5 10
WK454 Ml 7-5 6/29/93 GWATER 198 302 172 172 <5 < 5
WK455 917A-5 6/29/93 GWATER 273 436 234 234 6 < 5
WK456 917A-6 6/29/93 GWATER 41 439 238 238 10 < 5
WK457 9178-5 6/29/93 GWATER 231 395 220 220 5 < 5
WK458 SP-629 6/30/93 GWATER 11 2.52 < 1 0 < 1 0 <5 < 5
WK459 HLA2-5 6/30/93 GWATER 280 448 232 232 <5 28
WK460 Ml 6-5 6/30/93 GWATER 111 220 110 110 <5 < 5
WK461 MW7-5 6/30/93 GWATER 177 308 146 146 < 5 11
WK462 MW6-5 6/30/93 GWATER 157 283 136 138 < 5 13
WK547 MW1-5 7/2/93 GWATER 242 310 142 142 <5 18
WK548 MW2-5 7/1/93 GWATER 220 302 144 144 <5 16
WK549 MW3-5 7/1/93 GWATER 233 334 162 162 <5 20
WK550 MW4-5 7/1/93 GWATER 229 316 154 154 < 5 21
WK551 MW5-5 7/1/93 GWATER 248 322 164 164 <5 22
WK552 MW5-6 7/1/93 GWATER 241 329 158 158 6 22
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APPENDIX I: PUMP TEST DATA
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HG-33 Pumping Test Details
A transducer could not be installed in the production well, so drawdown or recovery 
could not be observed in the production well. A 0-10 psi pressure transducer was 
installed in the monitoring well to record drawdown and recovery.




08:35:15 -4.98 CH 1 FT HO
08:35:17 -4.86 CH 1 FT HO
0 8 :3 5 :1 9 -4 .9 0  CH 1 FT HO
08:35:22 -4.89 CH 1 FT HO
08:35:28 -4.91 CH 1 FT HO
08:35:30  -4.92 CH 1 FT HO
08:35:40 -4.93 CH 1 FT HO
08:36:10 -4.94 CH 1 FT HD
08:36:20 -4.95 CH 1 FT HD
08:36:29 -4.96 CH 1 FT HD
08:36:35 -4.97 CH 1 FT HO
08:36:43 -4.98 CH 1 FT HO
08:42:24 -4.97 CH 1 FT HO
09:14:04 -4.96 CH 1 FT HO
12:14:14 -4.97 CH 1 FT HD
12:19:09 -4.96 CH 1 FT HD
12:28:31 -4.97 CH 1 FT HO
14:40:05 -4.98 CH 1 FT HO
14:51:17 -4.97 CH 1 FT HO
14:54:04 -4.98 CH 1 FT HO
15:24:31 -4.97 CH 1 FT HD
15:25:52 -4.98 CH 1 FT HD
Drawdown data for MW#5
Date: 4/29/93
Pumping Rate = 265 gpm 
Distance from Pumping well 25.5 feet 
File ED = MW5.dat
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D raw dow n D ata  for C o n s tan t D ischarge Pum ping T est 
M W #33 using  M W #5 a s  a  M onitoring W ell"
Time S ince T es t S ta rted  (sect Head
0 5 .0 0
2 4 .9 8
4 4 .8 6
6 4 .9 0
9 4 .8 9
•  D ata w ere  reco rded  in M W #5 using a 0 -5  psi tran sd u cer


















































K = T/b 
Where;
T = 87782 ft2/day 
b = 97.4 feet
T = 10.16 f tV se c  
S = 0.2136
K = 9012 feet/day
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Path: C:\HYDRO
File: KCALC .BAS 4,224 .a.. 0-23-88 11:08:26 am Page l
251
REM KCALC calculates hydraulic conductivity using information in 
REM driller's logs. This information then is corrected for partial 
REM penetration using an equation developed by Kozeny and corrected 
REM to equivalent drawdown in a confined aquifer using Jacob's drawdown 
REM correction. The corrected drawdown and discharge then are used to 
REM solve for hydraulic conductivity using a method developed by Walton.
REM The partial penetration correction assumes steady state conditions,
REM and is not valid when the aquifer thickness is small, the percent of 
REM penetration is large, and the well radius is large. For this reason 
REM KCALC does not make the Kozeny correction if 901 of the aquifer is 
REM screened.
REM The Jacob equations are designed for transient conditions. The less 
REM correct the steady state assumption is the more in error the corrected 
REM discharge will be.
REM More information on these equations can be found in GROUNDWATER 
REM AND WELLS by F. G. Driscoll, published by Johnson Division, St. Paul, Mn.
REM KCALC can save your data to a disk file called KCOND.DAT. This 
REM file can'be reaccused at a later time by KCALC without erasing data 
REM already in the file.
CLS
PI.4*ATM(1)
5 INPUT "Do you want to save the data to a disk file (Y-yes, N-no)";DISK$
IP DISKS<>"Y" AND DISK$o"y" AND DISK$o"N" AND DISK$o"n" GOTO 5 
IF DISKS«"N" OR DISK$."n" GOTO 10 
OPEN "A", #1, "KCOND.DAT"
10 CLS
REM INPUT DATA FROM THE AQUIFER TEST
INPUT "Is the aquifer confined or unconfined? <C-conf, U-unconf ) " ,-AQT$
IF AQT$o"C" AND AQT$o"C" AND AQT$o"U" AND AQT$o"u" GOTO 10 
IP AQT$-"U" OR AQT$-"U" THEM AQT$»"0"
INPUT "What is the well name";WELLNAME$
INPUT "What is the discharge in gal/min";Q
INPUT "What is the depth to the top of the screened interval",TSCREEN
INPUT "What is the depth to the bottom of the screened interval".-BSCREEN
INPUT "What is the diameter of the well in inches",-RW 
INPUT "What is the depth to the top of the aquifer in feet".aq ui fer t
INPUT "What is the depth to the bottom of the aquifer in feet",•AQUIFERS
INPUT "What was the static water level";H2 
INPUT "What was the water level after pumping",-Hi 
INPUT "What was the length of the test in minutes",-TM 
INPUT "For a water table aquifer estimate specific yield",SY 
20 INPUT "Do you want to change any input data (Y-yes, N-no)“,ANS$
IF ANS$o"Y" AND ANS$o"y* AND ANS$o"N" AND ANS$o"n" GOTO 20




IP SY.O THEN SY-B*EXP10(-6)
LS-BSCREEM-TSCRESN
REM IF THE WELL IS^NOT^FULLY PENETRATING, CORRECT FOR PARTIAL PENETRATION
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P a c h :  C:\HYDRO
File: KCALC .BAS 4,224 .a.. 8-23-88 11:08:26 am Page 2
IF LS>.9*8 THEN CALL NPPCIF LS<«.9*B THEN CALL P P C ( L S .  B, RW, PI, Q)
Hl-AQUIFERB-Hl
H2-AQUIFERB-H2REM IF 80% OR MORE OF A WATER TABLE AQUIFER IS DEWATERED DO JACOB'S DRAWDOWN 
REM CORRECTION
IF H1<.8*H2 AND AQT$«"U" THEN CALL SCORR(S,B)
SC-(Q/S)/7.480S2
PRINT "the corrected specific capacity is";SC;"ft*3/min ft 










REM CONVERT K TO GAL/DAY/FT*2 THEN PRINT RESULTS 
K-K*10771.9488
PRINT "The. hydraulic conductivity for " WELLNAMES; • is";K; /day/ft'*2* 
REM WRITE DATA TO DISK IP DISK OPTION IS ON 
IP DISK$-"N" OR DISK$-"n" GOTO 35 
PRINT#!, WELLNAMES;",";K 
35 INPUT "Do you need to run the program again (Y-yes, N-no) " ; A.*;iS
IP ANS$o"Y" AND ANS$o"y" AND ANSSo'N" AND ANS$o"n" GOTO • i 




PRINT "No partial penetration correction necessary."
END SUB
SUB PPC(LS,B,RW,PI,Q)





PRINT "the corrected discharge is";Q 
END SUB
SUB SCORR(S.B)
REM JACOB DRAWDOWN CORRECTION 
S-S-(S*2/(2*B))
PRINT "the corrected drawdown is";S 
END SUB
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P a t h :  C:\HYDRO
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Kcalc Hydraulic Conductivity Values
254
Well Name HQ-1 HG-2 HG-3 HG-4 HG-6 HG-7 HQ-8
Aquifer Confined/Unconfined U C U U U U u
Discharge Igpml 700 30 15 40 50 30 75
Depth to Top of Screen 96 105 89 50 152.25 120 40
Depth to Bottom of Screen 120 125 89 50 152.25 120 45
Well Diameter (inches! 8 4 6 6 8 6 8
Top of Aquifer 30 87 70 29 123 80 11.5
Bottom of Aquifer 146.5 125 89 50 152.25 120 45
Static Water Level 30 72 70 29 123 80 11.5
Level After Pumping 31.6 76 81 40 124 101 21
Length of Pump Test (min! 120 60 60 60 300 90 630
Specific Yield 0.25 0.25 0.25 0.25 0.25 0,25
Corrected Discharge 2101.6 43.64 82.2 242.2 379.5 345.5 223.4
Corrected Drawdown 7.8 8.1 50.7 15.5 8.15
Corrected Specific Capacity 187.3 1.45 4.4 3.98 2.98 3.66
K (gal/day/ft2! 20181.5 656.16 640 1772.2 21102.6 707.9 1190.2
K (ft/day 1 2698 88 86 237 2821 95 159
Kcalc Hydraulic Conductivity Values
Well Name HG-9 HG-10 HG-11 HG-12 HG-32 HG-34 HG-35
Aquifer Confined/Unconfined U U U U U U U
Discharge (gpm! 25 40 50 75 750 25 40
Depth to Top of Screen 51 50 52 128 80 110 40
Depth to Bottom of Screen 51 50 52 138 106 110 40
Well Diameter (inches! 6 6 6 6 12 6 6
Top of Aquifer 26 18 20 87 65.58 84 14
Bottom of Aquifer 51 50 52 138 120 110 40
Static Water Level 25 18 20 87 65.58 84 14
Level After Pumping 36 37 32 128 65.84 95 35
Length of Pump Test (mini 270 270 150 150 120 30 90
Specific Yield 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Corrected Discharge 180.1 368.7 460.8 219.1 1045 187 299.7
Corrected Drawdown 8 13.35 9.75 24.5 8.67 12.5
Corrected Specific Capacity 3 3.68 6.3 1.2 537 2.9 3.2
K (gal/day/ft2! 1260.6 1223.3 2066.7 218.9 125175 944.3 1174.4
K (ft/day 1 169 164 276 29 16735 126.2 157
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Kcalc Hydraulic Conductivity Values 255
Woll Nam* HO-37 HG-39 C 2 MWWUA
Aquifer Confined/Unconfined U C U U
Discharge (gpm) 40 6 800 530
Depth to Top of Screen 41 330 132 144
Depth to Bottom of Screen 41 350 148 154
Well Diameter (Inches) 6 6 8 8
Top of Aquifer 14 40 29 35
Bottom of Aquifer 41 350 155 154
Static Water Level 14 49 29 35
Level After Pumping 35 60 35 49.5
Length of Pump Test (min) 90 120 240 180
Specific Yield 0.25 0.25 0.25
Corrected Discharge 311.2 58.98 3705.3 3326.77
Corrected Drawdown 12.8
Corrected Specific Capacity 3.24 0.73 8255 30.67
K (gal/day/ft2) 1146.55 34.5 8103.7 2911.34
K (ft/day 1 153 4.6 1083 389
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APPENDIX J: MILLTOWN RESERVOIR AND TAIL RACE
STAGES
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DATE POND POND TAIL RACE TAIL RACE TOTAL FLOW
READING ELEVATION READING ELEVATION ICFSJ
3/15/92 32.4 3259.4 3.2 3230.2' 1462
3/16/92 32.8 3259.8 3.3 3230.3 1684
3/17/92 32.7 3259.7 3.5 3230.5 1872
3/18/92 32.8 3259.8 3.5 3230.5 2059
3/19/92 32.7 3259.7 3.5 3230.5 2045
3/20/92 32.8 3259.8 3.5 3230.5 2045
3/21/92 32.8 3259.8 3.5 3230.5 1989
3/22/92 32.8 3259.8 3.4 3230.4 1907
3/23/92 32.7 3259.7 3.4 3230.4 1827
3/24/92 32.8 3259.8 3.3 3230.3 1770
3/25/92 32.8 3259.8 3.3 3230.3 1735
3/26/92 32.8 3259.8 3.3 3230.3 1735
3/27/92 32.7 3259.7 3.4 3230.4 1774
3/28/92 32.8 3259.8 3.3 3230.3 1761
3/29/92 32.8 3259.8 3.3 3230.3 1761
3/30/92 32.8 3259.8 3.4 3230.4 1748
3/31/92 32.1 3259.1 3.2 3230.2 1689
Total 55,415.10 54,916.30 30,863.00
Average 3,259.71 3,230.37 1,815 47
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DATE POND POND TAIL RACE TAIL RACE to tal  flow
READING ELEVATION READING ELEVATION (CFS)
4/1/92 32.8 3259.8 3.4 3230.4 1710
4/2/92 32.8 3259.8 3.4 3230.4 1827
4/3/92 32.8 3259.8 3,5 3230.5 2017
4/4/92 32.8 3259.8 3.6 3230.6 2172
4/5/92 32.8 3259.8 3.8 3230.8 2546
4/6/92 32.8 3259.8 3.7 3230.7 2577
4/7/92 32.7 3259.7 3.6 3230.6 2393
4/8/92 32.7 3259.7 3.6 3230.6 2274
4/9/92 32.8 3259.8 3.6 3230.6 2274
4/10/92 32.8 3259.8 3.7 3230.7 2393
4/11/92 32.8 3259.8 3.7 3230.7 2303
4/12/92 32.8 3259.8 3.7 3230.7 2216
4/13/92 32.8 3259.8 3.6 3230.6 2101
4/14/92 32.8 3259.8 3.6 3230.6 2115
4/15/92 32.5 3259.5 3.5 3230.5 2101
4/16/92 32.8 3259.8 3.7 3230.7 2230
4/17/92 32.9 3259.9 3.8 3230.8 2561
4/18/92 32.9 3259.9 4.1 3231.1 3184
4/19/92 32.8 3259.8 4 3231 2997
4/20/92 32.7 3259.7 3.9 3230.9 2964
4/21/92 32.8 3259.8 4 3231 2931
4/22/92 32.8 3259.8 4 3231 3201
4/23/92 32.9 3259.9 4 3231 3150
4/24/92 32.8 3259.8 3.9 3230.9 2947
4/25/92 32.8 3259.8 3.9 3230.9 2848
4/26/92 32.9 3259.9 3.9 3230.9 2655
4/27/92 32.9 3259.9 4 3231 2881
4/28/92 32.9 3259.9 4.1 3231.1 3305
4/29/92 32.9 3259.9 4.3 3231.3 3813
4/30/92 32.9 3259.9 4.3 3231.3 4308
Total 97,794.20 96,923.90 78,994.00
Average 3,259.81 3,230.80 2,577.85
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DATE POND POND TAIL RACE TAIL RACE TOTAL FLOW
READING ELEVATION READING ELEVATION (CFS)
5 /1 /9 2 3 2 .8 3 2 5 9 .8 4 .6 3 2 3 1 .6 5 2 9 6
5 /2 /9 2 3 2 .8 3 2 5 9 .8 4 .5 3 2 3 1 .5 r 4 9 5 6
5 /3 /9 2 3 2 .7 3 2 5 9 .7 4 .4 3 2 3 1 .4 4 5 6 7
5 /4 /9 2 3 2 .8 3 2 5 9 .8 4 .4 3 2 3 1 .4 4 5 5 0
5 /5 /9 2 3 2 .8 3 2 5 9 .8 4 .4 3 2 3 1 .4 4 5 5 0
5 /6 /9 2 3 2 .8 3 2 5 9 .8 4 .4 3 2 3 1 .4 4 6 3 7
5 /7 /9 2 3 2 .8 3 2 5 9 .8 4 .5 3 2 3 1 .5 4 7 5 0
5 /8 /9 2 3 2 .8 3 2 5 9 .8 4 .6 3 2 3 1 .6 5 0 8 8
5 /9 /9 2 3 2 .8 3 2 5 9 .8 4 .6 3 2 3 1 .6 5 3 7 3
5 /1 0 /9 2 3 2 .8 3 2 5 9 .8 4 .5 3 2 3 1 .5 5271
5 /1 1 /9 2 3 2 .8 3 2 5 9 .8 4 .5 3 2 3 1 .5 4 9 1 5
5 /1 2 /9 2 3 2 .8 3 2 5 9 .8 4 .4 3 2 3 1 .4 4 2 9 0
5 /1 3 /9 2 3 2 .7 3 2 5 9 .7 4 .2 3 2 3 1 .2 3 8 4 7
5 /1 4 /9 2 3 2 .6 3 2 5 9 .6 4 32 3 1 3 2 3 6
5 /1 5 /9 2 3 2 .7 3 2 5 9 .7 4 .1 3 2 3 1 .1 32 0 1
5 /1 6 /9 2 3 2 .8 3 2 5 9 .8 4 .1 3 2 3 1 .1 3 1 3 3
5 /1 7 /9 2 3 2 .8 3 2 5 9 .8 4 32 3 1 2 9 6 4
5 /1 8 /9 2 3 2 .8 3 2 5 9 .8 4 3 2 3 1 2 9 3 1
5 /1 9 /9 2 3 2 .8 3 2 5 9 .8 4 .1 3 2 3 1 .1 3 1 6 7
5 /2 0 /9 2 3 2 .8 3 2 5 9 .8 4 .2 3 2 3 1 .2 3 3 4 0
5 /2 1 /9 2 3 2 .8 3 2 5 9 .8 4 .2 3 2 3 1 .2 3 5 1 6
5 /2 2 /9 2 3 2 .8 3 2 5 9 .8 4 .2 3 2 3 1 .2 3 3 7 6
5 /2 3 /9 2 3 2 .8 3 2 5 9 .8 4 .1 3 2 3 1 .1 3 2 5 3
5 /2 4 /9 2 3 2 .8 3 2 5 9 .8 4 .1 3 2 3 1 .1 3 1 6 7
5 /2 5 /9 2 3 3 3 2 6 0 4 .1 3 2 3 1 .1 3 1 6 7
5 /2 6 /9 2 3 2 .8 3 2 5 9 .8 4 .1 3 2 3 1 .1 3 1 6 7
5 /2 7 /9 2 3 2 .9 3 2 5 9 .9 4 .1 3 2 3 1 .1 3 1 8 4
5 /2 8 /9 2 3 2 .9 3 2 5 9 .9 4 .1 3 2 3 1 .1 3 1 6 7
5 /2 9 /9 2 3 2 .9 3 2 5 9 .9 4 .1 3 2 3 1 .1 3 1 6 7
5 /3 0 /9 2 3 2 .9 3 2 5 9 .9 4 .1 3 2 3 1 .1 3 2 1 9
5 /3 1 /9 2 3 2 .9 3 2 5 9 .9 4 .1 3 2 3 1 .1 3 1 6 7
T o ta l 1 0 1 ,0 5 4 .0 0 1 0 0 ,1 6 8 .8 0 1 1 9 ,6 1 2 .0 0
A v e ra g e 3 ,2 5 9 .8 1 3 ,2 3 1 .2 5 3 ,8 5 8 .4 5
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DATE POND POND TAIL RACE TAIL RACE TOTAL FLOW
READING ELEVATION READING ELEVATION (CFS)
6/1/92 32.9 3259.9 4 3231 2898
6/2/92 32.8 3259.8 3.9 3230.9 2865
6/3/92 32.9 3259.9 3.9 3230.9 2624
6/4/92 32.8 3259.8 3.8 3230.8 2484
6/5/92 32.8 3259.8 3.7 3230.7 2348
6/6/92 32.8 3259.8 3.7 3230.7 2303
6/7/92 32.8 3259.8 3.7 3230.7 2115
6/8/92 32.7 3259.7 3.5 3230.5 2045
6/9/92 32.3 3259.3 3.4 3230.4 1975
6/10/92 32.3 3259.3 3.4 3230.4 1921
6/11/92 32.4 3259.4 3.3 3230.3 1774
6/12/92 32.7 3259.7 3.5 3230.5 1962
6/13/92 32.9 3259.9 3.6 3230.6 2187
6/14/92 32.8 3259.8 3.8 3230.8 2515
6/15/92 32.9 3259.9 3.8 3230.8 2561
6/16/92 32.9 3259.9 3.7 3230.7 2438
6/17/92 32.9 3259.9 3.8 3230.8 2577
6/18/92 32.9 3259.9 3.7 3230.7 2393
6/19/92 33 3260 3.7 3230.7 2289
6/20/92 32.9 3259.9 3.6 3230.6 2115
6/21/92 32.8 3259.8 3.5 3230.5 2045
6/22/92 32.5 3259.5 3.3 3230.3 1962
6/23/92 32.2 3259.2 3.3 3230.3 1748
6/24/92 32.1 3259.1 3.2 3230.2 1608
6/25/92 32.2 3259.2 3.1 3230.1 1535
6/26/92 32.6 3259.6 3.2 3230.2 1596
6/27/92 32.4 3259.4 3.2 3230.2 1559
6/28/92 32.5 3259.5 3.2 3230.2 1522
6/29/92 32.6 3259.6 3.2 3230.2 1559
6/30/92 32.9 3259.9 3.3 3230.3 1697
Total 97,790.20 96,916.00 63,220.00
Average 3,259.67 3,230.53 2.107.33
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DATE POND POND TAIL RACE TAIL RACE TOTAL FLOW
READING ELEVATION READING ELEVATION (CFS)
7/1/92 32.9 r  3259.9 3.3 3230.3 1735
7/2/92 33 3260 3.4 3230.4 1827
7/3/92 33 3260 3.4 3230.4 1814
7/4/92 32.9 3259.9 3.3 3230.3 1774
7/5/92 32.9 r  3259.9 3.4 3230.4 1774
7/6/92 32.9 3259.9 3.4 3230.4 1774
7/7/92 32.8 3259.8 3.3 3230.3 1723
7/8/92 32.9 3259.9 3.3 3230.3 1697
7/9/92 32.9 3259.9 3.3 3230.3 1723
7/10/92 32.9 3259.9 3.3 3230.3 1748
7/11/92 32.9 3259.9 3.3 3230.3 1723
7/12/92 33 3260 3.4 3230.4 1774
7/13/92 32.9 3259.9 3.3 3230.3 1748
7/14/92 32.9 3259.9 3.3 3230.3 1710
7/15/92 32.5 3259.5 3.1 3230.1 1522
7/16/92 32.5 3259.5 3.1 3230.1 1522
7/17/92 32.3 3259.3 3.1 3230.1 1450
7/18/92 32.4 3259.4 3.1 3230.1 1345
7/19/92 32.3 3259.3 3 3230 1289
7/20/92 32.8 3259.8 3 3230 1277
7/21/92 32.8 3259.8 3 3230 1289
7/22/92 32.8 3259.8 3 3230 1289
7/23/92 32.9 3259.9 3 3230 1311
7/24/92 32.8 3259.8 3 3230 1323
7/25/92 32.8 3259.8 3 3230 1311
7/26/92 32.7 3259.7 2.9 3229.9 1243
7/27/92 32.4 3259.4 2.9 3229.9 1210
7/28/92 32.3 3259.3 2.8 3229.8 1134
7/29/92 32.3 3259.3 2.8 3229.8 1060
7/30/92 32.5 3259.5 2.8 3229.8 1009
7/31/92 32.5 3259.5 2.7 3229.7 989
Total 101,051.40 100,134.00 46,117.00
Average 3,259.72 3,230.13 1,487.65
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
262
DATE POND POND TAIL RACE TAIL RACE TOTAL FLOW
READING ELEVATION READING ELEVATION (CFSI
8/1/92 32.50 3,259.50 2.70 3,229.70 939
8/2/92 32.30 3,259.30 2.70 3,229.70 952
8/3/92 32.30 3,259.30 2.70 3,229.70 882
8/4/92 32.30 3,259.30 2.60 3,229.60 844
8/5/92 32.40 3,259.40 2.60 3,229.60 844
8/6/92 32.30 3,259.30 2.50 3,229.50 835
8/7/92 32.40 3,259.40 2.60 3,229.60 789
8/8/92 32.40 3,259.40 2.50 3,229.50 808
8/9/92 32.30 3,259.30 2.50 3,229.50 808
8/10/92 32.20 3,259.20 2.50 3,229.50 745
8/11/92 32.50 3,259.50 2.50 3,229.50 719
8/12/92 32.30 3,259.30 2.50 3,229.50 728
8/13/92 32.30 3,259.30 2.40 3,229.40 693
8/14/92 32.50 3,259.50 2.40 3,229.40 693
8/15/92 32.40 3,259.40 2.40 3,229,40 693
8/16/92 32.50 3,259.50 2.40 3,229.40 693
8/17/92 31.90 3,258.90 2.40 3,229.40 763
8/18/92 32.00 3,259.00 2.40 3,229.40 568
8/19/92 32.10 3,259,10 2.40 3,229.40 537
8/20/92 32.10 3,259.10 2.40 3,229.40 537
8/21/92 32.10 3,259.10 2.40 3,229.40 545
8/22/92 32.30 3,259.30 2.40 3,229.40 589
8/23/92 32.50 3,259.50 2.50 3,229.50 745
8/24/92 32.50 3,259.50 2.60 3,229.60 844
8/25/92 32.50 3,259.50 2.60 3,229.60 835
8/26/92 32.50 3,259.50 2.60 3,229.60 853
8/27/92 32.50 3,259.50 2.60 3,229.60 853
8/28/92 32.40 3,259.40 2.60 3,229.60 826
8/29/92 32.30 3,259.30 2.50 3,229.50 792
8/30/92 32.40 3,259.40 2.50 3,229.50 745
8/31/92 32.50 3,259.50 2.50 3,229.50 745
Total 101,039.50 100,114.90 23,442.00
Average 3,259.34 3,229.51 756.19
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
263
DATE POND POND TAIL RACE TAIL RACE to ta l  flow
READING ELEVATION READING ELEVATION ICFSI
9/1/92 32.5 3259.5 . 2.5 3229.5 736
9/2/92 32.5 r  3259.5 2.5 3229.5 736
9/3/92 32.4 3259.4 2.5 3229.5 719
9/4/92 32.4 3259.4 2.5 3229.5 711
9/5/92 32.4 3259.4 2.5 3229.5 754
9/6/92 32.5 3259.5 2.6 3229.6 763
9/7/92 32.5 3259.5 2.6 3229.6 799
9/8/92 32.5 3259.5 2.7 3229.7 814
9/9/92 32.5 3259.5 2.7 3229.7 835
9/10/92 32.5 3259.5 2.7 3229.7 835
9/11/92 32.5 3259.5 2.7 3229.7 829
9/12/92 32.5 3259.5 2.7 3229.7 855
9/13/92 32.5 3259.5 2.7 3229.7 850
9/14/92 32.5 3259.5 2.7 3229.7 865
9/15/92 32.6 3259.6 2.7 3229.7 882
9/16/92 32.5 3259.5 2.7 3229.7 872
9/17/92 32.5 3259.5 2.7 3229.7 872
9/18/92 32.5 3259.5 2.7 3229.7 863
9/19/92 32.4 3259.4 2.7 3229.7 863
9/20/92 32.4 3259.4 2.7 3229.7 844
9/21/92 32.4 3259.4 2.7 3229.7 844
9/22/92 32.4 3259.4 2.7 3229.7 844
9/23/92 32.3 3259.3 2.7 3229.7 835
9/24/92 32.5 3259.5 2.7 3229.7 835
9/25/92 32.7 3259.7 2.7 3229.7 882
9/26/92 32.5 3259.5 2.7 3229.7 901
9/27/92 32.6 3259.6 2.7 3229.7 910
9/28/92 32.3 3259.3 2.7 3229.7 901
9/29/92 32.3 3259.3 2.7 3229,7 907
9/30/92 32.4 3259.4 2.6 3229.6 872
Total 97,784.00 96,889.70 25,028.00
Average 3,259.47 3,229.66 834.27
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
264
DATE POND POND TAIL RACE TAIL RACE TOTAL FLOW
READING ELEVATION READING ELEVATION ICFSI
10/1/92 32.5 3259.5 2.6 3229.6 872
10/2/92 32.5 3259.5 2.6 3229.6 882
10/3/92 32.5 3259.5 2.6 3229.6 882
10/4/92 32.5 3259.5 2.6 3229.6 882
10/5/92 32.5 3259.5 2.6 3229.6 882
10/6/92 32.7 3259.7 2.8 3229.8 949
10/7/92 32.6 3259.6 2.8 3229.8 1030
10/8/92 32.5 3259.5 2.8 3229.8 1040
10/9/92 32.5 3259.5 2.8 3229.8 1040
10/10/92 32.5 3259.5 2.8 3229.8 1050
10/11/92 32.5 3259.5 2.8 3229.8 1060
10/12/92 32.5 3259.5 2.8 3229.8 1050
10/13/92 32.5 3259.5 2.8 3229.8 1050
10/14/92 32.5 3259.5 2.8 3229.8 1092
10/15/92 32.6 3259.6 2.9 3229.9 1102
10/16/92 32.6 3259.6 2.9 3229.9 1134
10/17/92 32.6 3259.6 2.9 3229.9 1199
10/18/92 32.6 3259.6 2.9 3229.9 1199
10/19/92 32.4 3259.4 2.8 3229.8 1199
10/20/92 32.5 3259.5 2.9 3229.9 1156
10/21/92 32.5 3259.5 2.9 3229.9 1156
10/22/92 32.4 3259.4 2.9 3229.9 1134
10/23/92 32.5 3259.5 2.9 3229.9 1113
10/24/92 32.5 3259.5 2.8 3229.8 1113
10/25/92 32 5 3259.5 2.8 3229.8 1092
10/26/92 32.5 3259.5 2.8 3229.8 1102
10/27/92 32.4 3259.4 2.8 3229.8 1081
10/28/92 32.5 ^ 3259.5 2.8 3229.8 1081
10/29/92 32.5 3259.5 2.8 3229.8 1102
10/30/92 32.6 3259.6 2.9 3229.9 1134
10/31/92 32.6 3259.6 2.9 3229.9 1221
Total 101,045.10 100.123.80 33.079.00
Average 3.259.52 3,229.80 1,067.06
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
265
DATE j  POND I POND TAIL RACE ta il  race to tal  flow
READING 1 ELEVATION READING ELEVATION ICFSI
11/1/92 32.7 3259.7 2.9 3229.9 1221
11/2/92 32.6 3259.6 2.9 3229.9 1221
11/3/92 32.5 3259.5 2.9 3229.9 1210
11/4/92 32.8 3259.8 2.7 3229.7 1199
11/5/92 32.8 3259.8 2.9 3229.9 1199
11/6/92 32.4 3259.4 2.9 3229.9 1199
11/7/92 32.5 3259.5 2.9 3229.9 1188
11/8/92 32.6 3259.6 2.9 3229.9 1210
11/9/92 32.6 3259.6 2.9 3229.9 1210
11/10/92 32.5 3259.5 2.9 3229.9 1199
11/11/92 32.4 3259.4 2.9 3229.9 1188
11/12/92 32.4 3259.4 2.9 3229.9 1177
11/13/92 32.4 3259.4 2.9 3229.9 1156
11/14/92 32.5 3259.5 2.9 3229.9 1177
11/15/92 32.4 3259.4 2.9 3229.9 1177
11/16/92 32.3 3259.3 2.9 3229.9 1156
11/17/92 32.5 3259.5 2.9 3229.9 1123
11/18/92 32.4 3259.4 2.8 3229.8 1123
11/19/92 32.5 3259.5 2.8 3229.8 1166
11/20/92 32.5 3259.5 2.8 3229.8 1188
11/21/92 32.5 3259.5 2.8 3229.8 1145
1 1 /2 2 /9 2 1 32.5 3259.5 2.8 3229.8 1145
11/23/92 32.5 3259.5 2.8 3229.8 1145
11/24/92 32.5 3259.5 2.5 3229.5 1081
11/25/92 32.5 3259.5 2.5 3229.5 790
11/26/92 32.6 3259.6 2.4 3229.4 685
11/27/92 32.7 3259.7 2.4 3229.4 620
11/28/92 32.7 3259.7 2.7 3229.7 745
11/29/92 32.6 3259.6 2.8 3229.8 949
11/30/92 32.2 3259.2 2.6 3229.6 940
1
Total 97,785.60 96,893.80 32,932.00
Average 3,259.52 1 3.229.79 1,097.73
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
266
DATE POND POND TAIL RACE TAIL RACE TOTAL PLOW
READING ELEVATION READING ELEVATION (CPS)
12/1/92 32.7 3259.7 2.7 3229.7 910
12/2/92 32.6 3259.6 2.6 3229.6 936
12/3/92 32.6 3259.6 2.5 3229.5 836
12/4/92 32.7 3259.7 2 3229 575
12/5/92 32.8 3259.8 2.1 3229.1 285
12/6/92 32.8 3259.8 2.1 3229.1 230
12/7/92 32.8 3259.8 2.1 3229.1 255
12/8/92 32.9 3259.9 2.4 3229.4 320
112/9/92 32.8 3259.8 2.7 3229.7 676
12/10/92 32.8 3259.8 2.7 3229.7 799
12/11/92 32.8 3259.8 2.7 3229.7 808
12/12/92 32.8 3259.8 2.7 3229.7 808
12/13/92 32.7 3259.7 2.6 3229.6 763
12/14/92 32.9 3259.9 2.7 3229.7 808
12/15/92 32.9 3259.9 2.8 3229.8 835
12/16/92 32.9 3259.9 2.7 3229.7 844
12/17/92 32.8 3259.8 2.7 3229.7 807
12/18/92 32.8 3259.8 2.7 3229.7 754
12/19/92 32.8 3259.8 2.6 3229.6 693
12/20/92 32.8 3259.8 2.6 3229.6 660
12/21/92 32.9 3259.9 2.7 3229.7 736
12/22/92 32.9 3259.9 2.8 3229.8 817
12/23/92 32.9 3259.9 2.8 3229.8 835
12/24/92 32.8 3259.8 2.8 3229.8 863
12/25/92 32.7 3259.7 2.7 3229.7 920
12/26/92 32.7 3259.7 2.7 3229.7 910
12/27/92 32.7 3259.7 2.7 3229.7 930
12/28/92 32.9 3259.9 2.4 3229.4 644
12/29/92 32.9 3259.9 2.4 3229.4 420
12/30/92 32.9 3259.9 2.3 3229.3 426
12/31/92 32.9 3259.9 2.2 3229.2 333
Total 101,053.90 100.116.20 21,436.00
Average 3.259.80 3,229.55 691.48
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
267
DATE POND POND TAIL RACE TAIL RACE TOTAL FLOW
READING ELEVATION READING ELEVATION (CFS)
1/1/93 32.9 3259.9 2.6 3229.6 357
1/2/93 32.9 3259.9 2.7 3229 7 487
1/3/93 32.9 3259.9 2.6 3229.6 559
1/4/93 32.9 3259.9 2.7 3229.7 597
1/5/93 33 3260 2.4 3229.4 628
1/6/93 33 3260 2.4 3229.4 459
1/7/93 33 3260 2.4 3229.4 439
1/8/93 33 3260 2.4 3229.4 413
1/9/93 33 3260 2.4 3229.4 439
1/10/93 33 3260 2.5 3229.5 439
1/11/93 33 3260 2.5 3229.5 413
1/12/93 33 3260 2.5 3229.5 439
1/13/93 33.1 3260.1 2.6 3229.6 439
1/14/93 33.1 3260.1 2.7 3229.7 459
1/15/93 33 3260 2.8 3229.8 545
1/16/93 33 3260 2.7 3229.7 567
1/17/93 33 3260 2.8 3229.8 501
1/18/93 33 3260 2.8 3229.8 604
1/19/93 32.7 3259.7 2.8 3229.8 754
1/20/93 32.6 3259.6 2.8 3229.8 835
1/21/93 32.5 3259.5 2.8 3229.8 901
1/22/93 32.6 3259.6 2.8 3229.8 940
1/23/93 32.6 3259.6 2.8 3229.8 901
1/24/93 32.5 3259.5 2.8 3229.8 901
1/25/93 32.5 3259.5 2.8 3229.8 910
1 /26/93 32.5 3259.5 2.9 3229.9 999
1/27/93 32.5 3259.5 2.9 3229.9 1040
1/28/93 32.4 3259.4 2.9 3229.9 1040
1/29/93 32.5 3259.5 2.9 3229.9 1060
1/30/93 32.3 3259.3 2.8 3229.8 1040
1/31/93 32.2 3259.2 2.7 3229.7 959
Total 101.053.20 100120.2 21064
Average 3,259.78 3,229.68 679.48
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
268
DATE POND POND TAIL RACE 1 TAIL RACE total  flow
READING ELEVATION READING ' ELEVATION ICFSI
2/1/93 32.3 3259.3 2.7 3229.7 910
2/2/93 32.3 ^  3259.3 2.7 3229.7 882
2/3/93 32.4 3259.4 2.7 3229.7 901
2/4/93 32.2 3259 2 2.6 3229.6 872
2/5/93 32.5 3259.5 2.6 3229.6 799
2/6/93 32.5 3259.5 2.6 3229.6 817
2/7/93 32.6 3259.6 2.8 3229.8 844
2/8/93 32.4 3259.4 2.6 3229.6 930
2/9/93 32.5 3259.5 2.7 3229.7 930
2/10/93 32.4 3259.4 2.7 3229.7 930
2/11/93 32.4 3259.4 2.7 3229.7 910
2/12/93 32.5 3259.5 2.7 3229.7 910
2/13/93 32.5 3259.5 2.7 3229.7 910
2/14/93 32.5 3259.5 2.7 3229.7 920
2/15/93 32.8 3259.8 2.5 3229.5 812
2/16/93 33 3260 2.5 3229.5 494
2/17/93 32.8 3259.8 2.2 3229.2 400
2/18/93 32.9 3259.9 2.4 3229.4 334
2/19/93 32.9 3259.9 2.6 3229.6 466
2/20/93 32.9 3259.9 2.6 3229.6 537
2/21/93 32.9 3259.9 2.6 3229.6 567
2/22/93 32.9 3259.9 2.6 3229.6 644
2/23/93 32.8 3259.8 2.6 3229.6 737
2/24/93 32.9 3259.9 2.6 3229.6 710
2/25/93 32.9 3259.9 2.6 3229.6 644
2/26/93 32.8 3259.8 2.5 ! 3229.5 559
2/27/93 32.9 3259.9 2.5 3229.5 530
2/28/93 32.9 3259.9 2.6 3229.6 501
Total 91270.3 90428.90 20400
Average 3259.65 3229.60 728.57
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
269
DATE POND POND TAIL RACE TAIL RACE TOTAL FLOW
READING ELEVATION READING ELEVATION (CFS)
3/1/93 32.9 3259.9 2.6 3229.6 604
3/293 32.7 3259.7 2.7 3229.7 789
3/3/93 32.6 3259.6 2.7 3229.7 863
3/4/93 32.6 3259.6 2.7 3229.7 863
3/5/93 32.6 3259.6 2.7 3229.7 882
3/6/93 32.4 3259.4 2.7 3229.7 930
3/7/93 32.5 3259.5 3.1 3230.1 1177
3/8/93 32.3 3259.3 r  3 3230 1368
3/9/93 32.5 3259.5 3.1 3230.1 1474
3/10/93 32.4 3259.4 3.1 3230.1 15559
3/11/93 32.3 3259.3 3.1 3230.1 15559
3/12/93 32.1 3259.1 2.9 3229.9 1357
3/13/93 32.3 3259.3 2.9 3229.9 1210
3/14/93 32.4 3259.4 2.9 3229.9 1210
3/15/93 32.5 r 3259.5 3 3230 1277
3/16/93 32.7 3259.7 3.2 3230.2 1510
3/17/93 32.5 3259.5 3.1 3230.1 1596
3/18/93 32.7 3259.7 3.2 3230.2 1584
3/19/93 32.8 3259.8 3.2 3230.2 1633
3/20/93 32.5 3259.5 3.4 3230.4 1840
3/21/93 32.1 3259.1 3.2 3230.2 1748
3/22/93 32.2 3259.2 3.2 3230.2 1559
3/23/93 32.3 3259.3 3.3 3230.3 1646
3/24/93 33 3260 4 3231 2100
3/25/93 32.4 3259.4 3.5 3230.5 2161
3/26/93 32.5 3259.5 3.6 3230.6 2245
3/27/93 32.9 3259.9 3.8 3230.8 2359
3/28/93 32.7 3259.7 3.8 3230.8 2546
3/29/93 32.7 3259.7 3.7 3230.7 2449
3/30/93 32.8 3259.8 3.8 3230.8 2333
3/31/93 32.9 3259.9 3.8 3230.8 2363
Total 101045.80 100136.00 76794.00
Average 3259.54 3230.19 2477.23
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
270
DATE POND POND TAIL RACE TAIL RACE TOTAL FLOW
READING ELEVATION 1 READING ELEVATION ICFS)
4/1/93 32.8 3259.8 3.7 3230.7 2303
4/2/93 32.7 3259.7 3.7 3230.7 2303
4/3/93 32.8 3259.8 3.8 3230.8 2393
4/4/93 32.8 3259.8 3.8 3230.8 2438
4/5/93 32.9 3259.9 3.9 3230.9 2671
4/6/93 32.9 3259.9 3.9 3230.9 2965
4/7/93 32.8 3259.8 3.9 3230.9 2816
4/8/93 32.8 3259.8 3.8 3230.8 2608
4/9/93 32.9 3259.9 3.9 3230.9 2577
4/10/93 32.9 3259.9 3.8 3230.8 2561
4/11/93 32.9 3259.9 3.8 3230.8 2556
4/12/93 32.9 3259.9 3.8 3230.8 2499
4/13/93 32.9 3259.9 3.8 3230.8 2474
4/14/93 32.9 3259.9 3.7 3230.7 2393
4/15/93 32.9 3259.9 3.7 3230.7 2333
4/16/93 32.9 3259.9 3.7 3230.7 2289
4/17/93 32.8 3259.8 3.6 3230.6 2216
4/18/93 32.9 3259.9 3.7 3230.7 2259
4/19/93 32.9 3259.9 3.7 3230.7 2393
4/20/93 32.9 3259.9 3.8 3230.8 2393
4/21/93 32.9 3259.9 3.7 3230.7 2393
4/22/93 32.9 3259.9 3.7 3230.7 2333
4/23/93 32.9 3259.9 3.7 3230.7 2408
4/24/93 32.8 3259.8 3.8 3230.8 2519
4/25/93 32.8 3259.8 3.8 3230.8 2515
4/26/93 32.8 3259.8 3.8 3230.8 2454
4/27/93 32.9 3259.9 3.8 3230.8 2454
4/28/93 32.9 3259.9 3.8 3230.8 2423
4/29/93 32.9 3259.9 3.8 3230.8 2378
4/30/93 32.9 3259.9 3.8 3230.8 2393
Total 97795.90 96923.20 73710.00
Average 3259.86 3230.77 2457.00
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
271
DATE POND POND TAIL RACE ; TAIL RACE total flow
READING ELEVATION READING ELEVATION (CFS)
5/1/93 I 33 3260 3.8 ! 3230.8 2454
5/2/93 33 3260 3.8 3230.8 2546
5/3/93 33 3260 3.9 1 3230.9 2719
5/4/93 r  33 3260 4.2 I  3231.2 3201
5/5/93 32.9 3259.9 4.3 3231.3 4162
5/6/93 32.9 3259.9 4.4 3231.4 4308
5/7/93 32.8 3259.8 4.4 3231.4 4713
5/8/93 32.8 3259.8 4.5 3231.5 5081
5/9/93 32.9 3259.9 4.4 3231.4 4956
5/10/93 32.9 3259.9 4.3 3231.3 4777
5/11/93 33 3260 4.4 3231.4 4596
5/12/93 33 3260 4.7 3231.7 5412
5/13/93 32.8 3259.8 5.5 3232.5 7004
5/14/93 32.8 3259.8 6 3233 8706
5/15/93 32.7 3259.7 6.3 3233.3 10800
5/16/93 32.7 3259.7 6.3 3233.3 11270
5/17/93 32.7 3259.7 6.3 3233.3 11300
5/18/93 32.6 3259.6 6.2 3233.2 10720
5/19/93 32.9 3259.9 6 3233 10040
5/20/93 32.9 3259.9 6 3233 9740
5/21/93 32.9 3259.9 6 3233 9740
5/22/93 32.8 3259.8 6 3233 9715
5/23/93 32.5 3259.5 5.8 3232.8 9108
5/24/93 32.5 3259.5 5.3 3232.3 7855
5/25/93 32.9 3259.9 4.8 3231.8 6772
5/26/93 32.8 3259.8 4.8 3231.8 6229
5/27/93 32.8 3259.8 4.7 3231.7 6250
5/28/93 32.9 3259.9 4.8 3231.8 6229
5/29/93 32.9 3259.9 4.8 3231.8 6312
5/30/93 32.9 3259.9 4.9 3231.9 6498
5/31/93 32.8 3259.8 4.7 3231.7 6168
Total 101055.00 100193.30 209381.00
Average 3259.84 3232.04 6754.23
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
272
DATE POND POND TAIL RACE TAIL RACE to ta l  FLOW
READING ELEVATION READING ELEVATION ICFSI
6/1/93 32.9 3259.9 4.8 3231.8 6291
6/2/93 32.9 3259.9 4.9 3231.9 7224
6/3/93 32.9 3259.9 4.9 3231.9 6618
6/4/93 32.9 3259.9 4.8 3231.8 6061
6/5/93 32.9 3259.9 4.6 3231.6 5373
6/6/93 32.9 3259.9 4.5 3231.5 4937
6/7/93 32.8 3259.8 4.5 3231.5 5144
6/8/93 32.8 3259.8 4.5 3231.5 4993
6/9/93 32.8 3259.8 4.4 3231.4 4741
6/10/93 32.8 3259.8 4.4 3231.4 4400
6/11/93 32.9 3259.9 4.5 3231.5 4494
6/12/93 32.9 3259.9 4.5 3231.5 4829
6/13/93 32.9 3259.9 4.5 3231.5 4637
6/14/93 32.9 3259.9 4.4 3231.4 4216
6/15/93 32.9 3259.9 4.3 3231.3 3780
6/16/93 32.9 3259.9 4.2 3231.2 3813
6/17/93 33.0 3260.0 4.5 3231.5 4518
6/18/93 32.9 3259.9 4.5 3231.5 4812
6/19/93 33.0 3260.0 4.4 3231.4 4730
6/20/93 32.9 3259.9 4.4 3231.4 4462
6/21/93 32.9 3259.9 4.2 3231.2 4126
6/22/93 32.8 3259.8 4.2 3231.2 4126
6/23/93 32.9 3259.9 4.3 3231.3 4018
6/24/93 32.9 3259.9 4.3 3231.3 4018
6/25/93 32.9 3259.9 4.3 3231.3 3797
6/26/93 32.9 3259.9 4.2 3231.2 3516
6/27/93 32.9 3259.9 4.2 3231.2 3393
6/28/93 32.9 3259.9 4.2 3231.2 3340
6/29/93 32.9 3259.9 4.2 3231.2 3446
6/30/93 32.9 3259.9 4.2 3231.2 3295
Total 97796.70 96942.80 137148.00
Average 3259.89 3231.43 4571.60
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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DATE POND POND TAIL RACE TAIL RACE I TOTAL FLOW
r e a d in g ELEVATION READING ELEVATION (CFS)
7/1/93 32.9 3259.9 4.1 3231.1 1 3031
7/2/93 32.9 3259.9 4.1 3231.1 2981
7/3/93 33.0 3260.0 4.1 3231.1 3087
7/4/93 32.9 3259.9 4.2 3231.2 3411
7/5/93 32.7 3259.7 3.9 3230.9 3535
7/6/93 32.8 3259.8 4.1 3231.1 3236
7/7/93 32.6 3259.6 4.0 3231.0 3446
7/8/93 32.7 3259.7 4.1 3231.1 3464
7/9/93 32.5 3259.5 4.0 3231.0 3429
7/10/93 32.6 3259.6 4.0 3231.0 3376
7/11/93 32.5 3259.5 4.0 3231.0 3219
7/12/93 32.5 3259.5 4.0 3231.0 3048
7/13/93 32.5 3259.5 4.0 3231.0 3305
7/14/93 32.5 3259.5 4.0 3231.0 3219
Total 45635.60 45234.60 45787.00
Average 3259.69 3231.04 3270.50
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
